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1. NoTice OP THE Crdstacba collkctkd bt Pbof. C. F. Habtt 

ON TBE C0A8T OF BrAZIL IS 1867. Bt SIDNKY L SmiTH. 



Bead, Uay 19th, 1869. 

In tho first voluine of these Transactions, Prof. Verrill bae noticed 
the Radiata of the collection made by Prof Hartt upon the coast of 
Brazil during the summer of 1867, and the Crustacea of the same col- 
lection, having been submitted to me for examination, was found to 
contain so many species new to the Brazilian fauna that the publica- 
tion of the following list seemed desirable. 

The collection, although quite small in nnmber of specimens and 
representing only the higher groups of the class, is interesting irom 
tbe large proportion which it contains of species heretofore known 
only from the West Indies or Flordia. This is, perhaps, due chiefly 
to the fact that moat of the collections brought from Brazil have been 
made at Kio de Janeiro where there are no coral reefs, while Prof 
Hartt'a collection was made principally on the rocky and reef-bearing 
parts of the coaat. 

BBACHTURA, 
MilT'lft bioomuta StimpBOn. 

Piaa biromnla Latroille, EncTclop^ie methodique, (ome z, p. 141 (letU Edwards). 

fericera bicoma Edwards, HiBloin naturello des Cruetacoa, tome i, p. 33T, 1834. 

Pitit bkoraa Qibboa, On the Carcinologioal Collections ot the United States, Pro- 
ceediogB American Asaociation, 3d Meeting, p. ITO, 1859. 

Pericera iieomvi Sausaure, Cruatacaa nouveaui des Antilles et du Mezique, p. 1 2, 
pL 1, Sg. 3, 1858. 

Jfdnva bicoraiiia Stimpaoo, Notea od North American CruHlaceo, AnnalB Ljceum 
Nat. nist, New York, toL vii, p. 199, 1860. 

A single specimen collected at the Keefa of the Abrolhos does not 
difler from Bermuda, Florida and A spin wall specimens. 

lfit±kTaoiilus ooroaatus Stintpson. 

Qmcer conmahu Herfost, NaCurgeschicbto der Krabben uod Krebse, Bond i, p. 1S4. 

Tab. U, flg. 83, 1783, and Cancer Coryphe, Band iii, iwejtea Hefl,p. 8, 1801. 
JfittrocuIujajroiiaftM (pare) While?, list of Crust in the British Museum, p. 7, 18«. 
Trasb. CoHNBrncuT Acad., Vol. IL 1 Jult, I8S9. 
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2 S. I. Smith on Brazilian Crutta<xa. 

JfiArocttfaM eoroiuidM StunpsoD, American Jouroal 3d., 3d aeries, toL xziz, 1860, 
p. 133 i Annala lye Nat HUt, New York, vd. vii, p. IflS, 1860. 

Two femaleB of this species were collected by ProC Hartt at the 
Reefs of the AbrolhoB., They do not differ perceptibly from Aspin- 
wall Bpecimena. 
The two apecimens give the following measurement : — 
Lbd^ of carapax, tS'S^Kn Breadth oT caiai>az, IT-fioix Ratio^ 1 : I-3T 
■* na " '■ " 234 " 1:1 -36 

The differences pointed ont by Stimpson at once distinguish this 
species from M. sadp^a, bnt White cites the figures of both species 
under his Mithracultu coronatut, so that it is not posable, withont 
an ezamioatioQ of his specimens, to tell which species he had in view. 

Mithrax hispidus Edwards. 

Oaaoer liitpiAu Herbst, op. dt, Band i, p. 2i1, Tab. 18, Sg. 100, 118!. 

lEOimx hiipiibit Edwards, Ha^faan de Zoolo^, 3" ann^, 1833 ; HiaCorie uaturalle 
des Cnut., tome i, p. 333, 1S34; DeKay, Zoolc^jofNewTorfc, CniaC., p. < 1844; 
Qlbbes, loc. dt, p- 113; Stunpson, American Journal ScL, 3d aeries, vol. zzix, 
1850, p. 133 ; Annals Lye Nat. Hiet, New Toric, toL vii, p. 189, 1860. 

Several specimens collected at the Reefs of the Abrolhos agree well 
with Edwards' and Stimpson's descriptions of this species. The cara- 
paz is wholly naked above, the elevations anteriorly are smooth and 
polished, and there are no spines or prominent tubereles on the median 
regions. There are two small tubercles just at the base of the frontal 
teeth, and two more just behind these on the anterior lobes of the 
gastric region ; there are also traces of two tubercles on each of the 
antero-lateral gastric lobes, and several small tuberculiform elevations 
on the hepatic and branchial regions near the antero-lateral margin. 
The external angle of the orbit forms an obtuse tooth not projecting 
so far forward as the external lobe of the inferior margin ; the suc- 
ceeding tooth of the antero-lateral margin (the second normal) is quite 
small and obtuse, but the three remaining teeth are spiniform, slender 
and curved forward ; in addition, there is a very sm&U tooth just be- 
hind the posterior spine of the antero-lateral margin. 

Several specimens give the following measurements: — 
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Xautho dentlculata White, 

XnnOio daOieaiata White, Ltat of Croat in the British Museuin, p. 17 (do descrip. 

tioD), 1841 ; Annals and Hag. Nat. Hiat, 2d series, vol. ii, p. 2S5 (X dentiealatu»), 

18U (non Stimpsm); Smith, Proc. Boston Soc Nat Hiat, voL lii, p. 211, 1869. 

A single apecimoD collected at the Ree& of the Abrolhos does not 

differ from HpecimeDB from Bermnda and AHpinwall. 

It seemes to be an uncommon species as it is not mentioned by Dana, 
Gibbes, or Stunpson, and I have only seen a single one from each of 
the localities mentioned. 

ChlorodiuB Floridamas Gibbaa. 

CUaraiitK /lirAlimM Gibbea, loa ciL, p. IIG, 1860; Stimpson, Annals L7C Net 
Hiat, New Tork, vol vii, p. 209. 

Several specimens, not differing perceptibly from those from Florida 
and Aspinwall, were collected at the Reefs of the Abrolhos. 
Three specimens give the following measurementB : — 

S«T. LensUi ot cutpi'X. Sreadtb of unpu. Bulls. 

Jlsle. jO'SDxn 33'8o»° 1 1 I-B3 

TWiak. lB-8 38-8 1:1-G3 



PanopenS poUtUS Smith, loo. dt, p. 282, 1869. 
Plate I, figm% 4. 

ThiB specicB is allied to P. transvtrmt Stimpson, and resembles 
somewhat the crenatus of Edwards and Lucas. 

The carapax is entirely naked above, broad, moderately convex in 
two directions, slightly granulous and uneven on the front and along 
the antero-lateral border, but smooth and highly pohshed on the median 
regions and posteriorly. The regions are slightly but distinctly indi. 
cated. The gastric region is surrounded by a well marked sulcus, bat 
its lobes are not distinctly indicated except the anterior extremity of 
the median, which is slender and acutely pointed ; the frontal lobes 
are indicated by slight prominences. The hepatic region is not divided, 
hot there are one or two slight plications on its anterior part parallel 
to the antero-lateral margin. The cervical suture is distinct in its 
outer portion but is not indicated near the gastric region. The median 
and posterior lobes of the branchial region are separated by a distinct 
depression. The front is strongly deflexed, the edge somewhat bev- 
eled from above and fonr-lobed ; the median lobes are very broad, 
project prominently and are separated by a sharp notch ; the lateral 
lobes project as small narrow teeth. The antero-lateral margin is di- 
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vided by small notches into fonr lobes, the fimt of vhich is composed 
of the angle of the orbit coalesced with the second normal tooth ; the 
first lobe is broad, its edge slightly concave and projecting a little at 
the angle of the orbit; the fiecond and third lobes are broad and trun- 
cate ; the fourth lobe is small and obtuse and forms the lateral angle 
of the carapax. From each of the notches slight sulci extend a little 
way back upon the carapax. 

Beneath, the edge of the front is thin, projects obliquely downward 
and is not expanded in Iront of the ant«nnuln?. The epistome is smooth, 
and its labial border has a prominent median lobe and a slight incision 
each side. The external maxillipeds are smooth ; the merus is quadri- 
lateral, its outer edge not projecting, and the ant«ro-exterior angle 
rounded. The inferior margin of the orbit is divided into two lobes 
by a broad and shallow sinus ; the inner lobe forming a prominent 
tooth which projects as far forward as the latera'. lobe of the front, and 
the outer lobe broad and slightly prominent. The external hiatus of 
the orbit is rather broad and shallow. The sub-orbital and sub-hepa- 
tic regions are quite granulous. The tubercle beneath the anterior lobe 
of the antero-lateral margin is depressed, forming only a slight granu- 
lous prominence. The sub-branchial region is somewhat hairy. The 
female abdomen is broadly ovate, the greatest breadth being at the 
fourth segment. 

The cbelipedB are slightly unequal, the carpi and hands smooth and 
evenly rounded above and on the outside. The hands are stout, the 
6ngeF8 obscurely marked with longitudinal impressed lines, and irreg- 
ularly toothed within, and in the dactylus of the larger hand there is 
a prominent cylindrical tooth at the base. The ambulatory legs are 
smooth and nearly naked except a close pubescence upon the dactyli, 
penultimate segments, and slightly on the carpi. 

In an alcoholic specimen the color is light brown above, tinged with 
blmsh purple on the anterior part of the carapax and the upper side 
<rf the chelipeds. The fingers are black, lighter at the tips, and the 
black not spreading upon the palm. 

Length of carapax in the singlefemale specimen, la'S"" ; breadth, 
21-4 : ratio of length to breadth, l : 1-56. 

Collected at the Reefs of the Abrolhos. 

The P. tranaveraut Stimpson (Annals Lye. Nat. Hist., New York, 
vol vii, p. 210, 1860) of the west coast of Central America, difiers 
firom this species in having the carapax much less distinctly areolated, 
more regularly oval in outline and smoother and more evenly convex 
above. The front also projects much less prominently ; the antero-lat- 
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eral margin is smooth and even and the lobes separated by very alight 
incisions, aad the edge of the first lobe is slightly convex and does not 
project at the angle of the orbit ; there is no noticeable depression be- 
tween the median and posterior lobes of the branchial region ; the in- 
ferior margin of the orbit is divided by a very slight sinus, and the 
inner lobe is not at all prominent ; and finally, the external maxilli- 
peds are slightly granulated. The color of alcoholic specimens is quite 
diSerent, being dark slate-brown on the upper side of the carapaz and 
chelipeds. 

The P. crenatus of Edwards and Lucas is a much smoother species 
than thtipolitus, the regions being scarcely at all defined and thecar- 
apax almost perfectly smooth along the front and antero-lateral bor- 
der. The front is not defiexed, its edge Li nearly Htraight, and beneath 
it is expanded horizontally in &ont of the antennnlffl ; the sub-orbital 
and sub-hepatic regions are quite smooth, and there is no tubercle be- 
neath the first lobe of the antero-lateral margin ; and finally, the an- 
tero-exterior angle of the merus of the external maxillipeds projects 
laterally somewhat beyond the lateral margin and is broadly rouuded.* 

Panopeus Harttii Smith, loc dt., p. 280, 1869, 

Plate 1, figure B. 

The carapax is clothed with scattered hairs along the borders, is 
broadest at the penultimate teeth of the antero-lateral margins, con 
vex anteriorly but flattened behind, and coarsely granulous on the 
front and along the lateral borders, hut nearly smooth on the median 
and posterior regions. The gastric region is surrounded by a very 
deep sulcus, which is particularlymarked posteriorly next the cardiac 
and the posterior part of the branchial region ; its median lobe is sep- 
arated from the antero-lateral lobes by a slight but distinct sulcos ; 
and the anterior lobes are prominent and marked anteriorly by a sharp 
plication. The hepatic region is prominent, somewhat projecting and 
bears a transverse, granulous ridge. The cervical suture is very 
marked and extends as a broad depression quite to the gastric region. 
The median and posterior lobes of the branchial region are separated 
by a slight depression. The front is very much dcflexcd and the edge 

* The figure of the fadal region of this Bpedea given in the Voyage dam L'Amiriqae 
IBridionale (pL B, flg. 1 ») improperly represcnlB the citernil mazillipedB with this an- 
gle tnincate and not at all produced laCerallj. 
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thin and four lobed ; the median lobes are very mnoh the largest, are 
evenly rounded, and a little more prominent than the lateral, which 
project as small obtusely triangular teeth. The superior margin of 
the orbit is broken by two inciaions leaving the margin between them 
projecting as a slight, rounded loba The posfrorbital tooth is short 
and slender, and is separated from the second tooth of the antero- 
lateral margin by a broad sinus which breaks the margin completely. 
The remaining teeth of the antero-lateral margin are triangular in form, 
much thickened vertically, and separated by quite broad sinuses, and 
the posterior two on each side are very slender and of nearly equal 
prominenoe. 

Beneath, the edge of the front is thin and projects sharply down- 
ward. 'Ilie epistome Is smooth and its labial border has a small lobe 
in the middle, a slight notch each side and another at each angle of 
the buccal area. The external maxillipeds are smooth except the me- 
rus, whicli is slightly granulated and also has the antero-exterior angle 
very slightly produced laterally and not at all rounded. The inferior 
margin of the orbit is prominent and divided into two lobes by a deep 
and narrow sinus; the inner lobe forms a stout tooth which projects 
as far forward as the inner angle of the superior margin ; the outer 
lobe is broad and its exterioi- angle projects slightly in advance of the 
postKirbital tooth. The external hiatus of the orbit is a deep trian- 
gular notch. In one specimen, however, it is wholly closed on one 
side, possibly from some accident. The 'sub-orbital and sub-hepatic 
regions are quite coarsely granulous. The tubercle of the sub-hepatic 
r^ion forms a slight granulous prominenoe just beneath the post-or- 
Intal tooth. The sub-branchial re^on is pubescent and slightly gran- 
ulous. In the male, the sternum is smooth and the abdomen quite 
narrow, being narrowest at the penultimate segment, and the terminal 
B^ment is about five-sixths aa long as broad, and Ita extremity evenly 
romided. In the female the abdomen is broadly ovate, the greatest 
breadth being at the fourth segment. 

The chelipeds are a little unequal The carpi are granular-rugose 
externally and have a deep groove along the outer mai^io next the 
articulation with the hand. The hands are slightly rugose above, and 
the fingers are slender, deflexed, marked with slight, impressed longi- 
tudinal lines and slightly and obtusely toothed within, and the dacty- 
Ins in the larger hand usually has a stout tooth at the base. The 
ambulatory legs are slender, and pubescent along the edges of all the 
segments and over the whole surface of the dactyli 
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Alcoholic Bpecimens are light olive brown above and on the chelipeda. 
The fingers are black, lighter at the tipB, and the black not spreading 
opon the palm. 

Several apecimens give the following measurementa : 



Seven specimens were collected by Prof. Hartt at the Ilee& of the 
Abrolhos. 

This species is very distinct from all other described species of the 
genns. Its broad and deeply areolated carapax give it somewhat the 
aspect of a Chlorodivs. 

Eriphia gouagra EdwardH. 

Oanetr gotiagra Fabridua, Supplementum Eatomologiie syBtematica, p. 331, 119B. 
Br^hia gonagra Edtrarda, Histoire naturelle des CrusC, tome i, p. 426, pi. IS, Sg. 
16,17,1834; Aanales des ScienceB DBturelleg, 3<"« Berie, tome it!, 1S61, pi. 8, 
fig. 10 ; White, List of CruaL m the Britiah Museum, p. 22 ; Gibbe^ loc dt, p. 171 ; 
Dana, Oailed States Kiploring Eipedition, Cruat, p. 2B0; BttmpsoD, Annals Lye. 
Nat HisL, Now York, toL vii, p. 21) ; Heller, Reiae der SsteTreichiscbea Fregatte 
NOTara urn die Erde, p. 24, 1866. 
A large number of specimens are in the collection, all of them ob- 
tained at the Reefs of the AbrolhoB. It seems t« be a common species 
from southern Florida to Rio de Janeiro, 
A number of specimens give the following measnrements : 



Mate. 



CaJlinectes Danee Smith. 






(Mliaeeta dtacanthut Ordway, Uonogniph of the genua CallinecteB, Boston Journal 
Nftt HiBt, ToL Tii, p, 616, 1863. (ITim Porlumu di'ocanttua LatreiUe, ««! £^m> 
diaeantha Edwards, nee CoUinecta diacanlhaa Stimpson.) 
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A Dumber of epecimens which agree perfectly with the description 
of this species given by Ordway, were collected at Pemambuco by 
Pro£ Ham. 

A WDgle female from Bahia does not differ from the Pemambnco 
specimens except in having the sub-median tooth of the front very 
Bhort, scarcely projecting beyond the median teeth — probably an acci- 
dental character. 

Several specimens give the following measurements : — 

S«i. iDclndlDK inb-ftaDLSripliie. InclBriliiK UtMnl iplne. BsUo. 

Peroambuoo. Male. 41-9'i"n S3-0™ni 



Bahifl. " 3ii 76-0 

This species was known to Ordway only from Dana's original spe- 
cimen collected at Rio de Janeiro. 

CaUinectes omatus Ordway, loc. dt, p. sTi, i863. 

A male specimen collected at Oaravellas agrees perfectly with Ord- 
way's description and with a specimen from Bermuda. 

Length of carapax including sub-frontal spine, 36'2'°" ; breadth of 
carapax including lateral spines, 80'5™" ; ratio of length to breadth, 
1 : 2-22. 

A sterile female collected at the same locality may belong to this 
species. It differs from the male in being thicker and more convex, 
the areolation more strongly marked, and the granulations coarser ; 
the teeth of the antero-lateral border are lees prominent and more ob- 
tuse ; and the chelipeds are quite short, the merus not reaching, by 
considerable, the tip of the lateral spine. 

Length of carapax, 34'8"" ; breadth of carapax, 750 ; ratio 1 ; 214. 

In the deeply areolated carapax it approaches the hroatua, and it 
may possibly belong to that species. 

The descriprion and figure of Neptuitus marginalua A. Edwards* 
agrees very closely with this specimen, the figure of the abdomen and 
sternum representing it perfectly, and there can be little doubt that 
Edwards' species was based on a sterile female of some species of 
CaUinectes. If the habitat, C6te du Gabon, given by Edwards bo 
correct, it is safely inferred that the genus CaUinectes is not confined 
to the American coasts. 

•ArcUveadu Museum d'HUtoire natureUe, tome i, p. 31B, pi. 30, fig. 2, 1861. 
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The C. omatvs waa previously known from South Carolina, Tortn- 
gae, Hayti, an<l Cumana. 

C&UineCtBS iBXVUtUS Ordwny, loc. dt, p. B73, 1863. 

One specimen of this speiics, a male, was collected at Bahia. It 
is very much like the Dame and the omatvs in the carapax, etc., but 
differs remurkably in the male abdominal appendages of the first pair 
(intromictent oigans), which are very short, directed inward till they 
croBB and then the extremities curved abruptly outward. 

Length of carapax including sub-frontal spine, 38'8'""' ; breadth in- 
cluding lateral spines, 82*4""" ; ratio of length to breadth, 1 : 2'11. 

Ordway's specimens were from Florida, Bahama, and Ilaytl 

Achelous spluimanus DeHaan. 

Portvata epiiiimamu Latreille, Edc^?., 1 1, p. 18S (late Edwards), 
iMpa apinimana Leacb, DeBmarest, Considerations g^#alea sur la ctaasa des Crust, 
p. 98, 1825; Edwards, Hisloire natureUo des Crust, tome i, p. 452, 1634 ; Gibbes, 
loe. ciL, p. 178 ; Dana, United Slalt^a Eiplorin([ Eeipedition, Crust, p. 273 ; Stimp- 
soa, Aonals Lye. Nat Hist. Kew York, vol. vi[, p. ST. 
AcMoia ^nnimaniit, TnHaaTt, Fawaa Japonica, p. S, 1S33 ; White, List of Crust in 
th« British Museuiu, p. 38, 1847; Stimpson, Annals Lye. Nat Hist, Kew York, 
voL vii, p. 221, 18G0; A. Edwards, Archives du Museum d'llistoire uatureUe, 
lome X, p. 341, pi. 32, fig. 1, 1861 ; Heller, op. dt, p. 21. 

Three specimens, all females, collected at Bahia, give the following 
meaaurement« : — 

l^iirnb oronpiii Brtidtli or cuniiiiii Rittoot 

tnclDiUDg trouul leetli. InclDdlng Utcr*l eplnea. length lo tarudth. 



All the specimens have the lateral spine of the carapax nearly or 
quite twice as long as the one next in front of it They appear to 
differ in no way from specimens from Florida. 

Achelous Ordwayl Stimpson, 

AcMoM Ordmayi Stimpaon, Annala Lya Nat Hist, New Torii, vol vU, p. 242, 1880. 
.VgtftiniM Ordwayi A. Edwards, op. dt, addmda, 18Ci. 

A male specimen of this fine species was collected, with the last, 
at BaMa. 

The carapax is narrower than in A. apbumanua, and the front more 
advanced. In areolation it resembles the iq>inimanus very mncli, the 
elevations however are not quite so thickly granulated. The teeth of the 
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front are very loog and elender, the length of the median ones exceed' 
ing slightly the dirtance between their tips. The teeth of the antero- 
lateral margin are much longer and slenderer than in spinimantu, the 
posterior one (lateral spine) being but slightly longer, in proportion 
to the other teeth, than in that species. The obelipeds are slender 
and fully as long ae in apinimanua. The ambulatory legs are long and 
very elender, those of the first two pwra extending nearly to the mid- 
dle of the dactyli of the cbelipeda. 

The sternum is convex in an antero-posterior direction, while in the 
^nimanua it is quite flat. In the male the tenninal portion of the 
abdomen is narrowly tiiangnlar, the -penultimate segment being quite 
narrow and its lateral margins straight or very slightly concave, while 
in the apinimanua it is broad and the lateral margins of the penulti- 
mate segment qnite convex. 

The male abdominal appendages of the first pair are very different 
in the two species. In both they are stout and separated by quite 
a broad space. In the »pinimanu« they reach beyond the middle of 
the penultimate segment of the abdomen, the tluck basal portion curv- 
ing strongly inward from the base, the slenderer portion at first di- 
rected nearly straight forward, then curved strongly outward, and the 
tips inward agfun. In tie Ordwayi they are much shorter, reaching 
but slightly beyond the antipenultimate segment of the abdomen, and 
have but a single cnrve, curving inward from the base, then outward 
to the tip. 

Length of carapax in the dngle specimen, al-O™" ; breadth of car- 
apax, OI'S"""; ratio of length to breadth, l : 1 '67; breadth excluding 
lateral spines, fS'O""" ; ratio of length to this breadth, 1 : 1 '29 ; greatest 
length of meruB segments of chelipeds, Sl'O'"'" ; length of hand, right, 
47'2, left, 470'°"'. A male specimen of A. epinimanue from Florida 
gives the following : — length of carapax, 40'4'"'" ; breadth of carapax, 
69-5'"'" ; ratio of length to breadth, 1 : 1*72 ; breadth excluding spines, 
68-5'"'" ; ratio of length to this breadth, 1 : 1-44. 

This species differs from the figure of Neptunui cruentatus (A. Ed- 
wards, op. cit,, p. 326, pL 31, fig. 2) in having much longer chelipeds, 
the merus projecting much farther beyond the sides of the carapax, 
and the hands when folded in front lapping by each other considerably. 
The teeth of the front and of the antero lateral margin are very much 
more slender and prominent than in his figure. And in the descrip- 
tion of the cruentaiv* no mention is made of the smooth and highly 
iridescent spaces on the supero-exterior surface of the hand, which is 
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meDtioned by Stimpsos in his description of A. Ordwayi, and is a 
very conspicuouB character in the speciee. 

I have retained this species in the genus Achelous of DeHaan in- 
stead of Neptumte of the same author, because the narrow carapax, 
prominent front, and the form of the external maxillipeds and of the 
male abdomen ally it very closely to the «pinimanye, and, together 
with the narrow dactyl! of the first three pairs of ambulatory legs, 
separate it widely from N^tuntta pelagicua, the type of the genus 

The length of the lateral spine of the carapax, which appears to 
have been A. Milne Edwards' principal character for separating these 
genera, seems to be of slight importance, and in the present case, if 
used alone, is scarcely sufScient for a specific distinction. 

Stimpaon's specimens of A. Ordwayi were from Florida and St. 
Thomas. 
G-oniopsis cruentatus DaHaan. 

Cancer rurtooJa DeGeer, M^moireB pour eervir &, I'hjstoire dee Insectee, tome vii, p. 

417, pL 25, 1178 (mm dweer ruriwrfa LinniS)- 
6nipnu iTu«n(alii« Latreille, Histoire dea Crust, et Insects, tome ri, p. 10, 1803; Des- 

inareat, op. cit, p. 133; Eldwaida, Hiato[re Datarelle dea Crust, tome iJ, p. SB; 

QibboB, locciL, p. 181. 
Gonuipni ementatva DeHaan, op. dt, p. 33, 1836 ; Edwards, Annales dea Sdencea 

naturellei, S""" gerie, tome ii, 1863, p. 164, pL 7, flg. 2; Stimpson, Proceediug* 

Acad. NaC ScL, FbOBdeiphia. 1858, p. 101 ; Heller, op. cit, p. 43. 
Qrapmt longipa Randall, Journal Acad. Nat Sci., Pliilad., vol viii, p. 126, 1839. 
OiHMop*i( mrfcola White, LiBt or Crust in the Brltiah Uuseum, p. 40. 1847; Saus- 

sure, op. cit, p. 30, pi 3, fig. 18, 1868. 
O(m(ograprttg cntmlalia Dana, American Journal Sci., 3d Beriea, roL xii, p. 285, ISGl ; 

XTnited Statoa Eiploring Eipeditaon, Crust, p. 342, pL 21, flg. T, 1H52. 

A single male of this beautiful species was collected at the Reefe of 
the Abrolhos. 

Cryptograpsus cirripes, sp. nov. 

Plate I, flgare 8. 
The carapax above is granulous and naked The front as seen from 
above is nearly straig)it with only a slight median immai^ination. 
Ttie orbits are broad, the margin slightly nptumed and broken by a 
broad notch near the inner angle. The outer orbital teeth are long, 
acutely pointed, project straight forward, and the distance between 
their tips is nearly equal to two-thirds the breadtli of the carapax. 
The succeeding teeth of the antero-lateral margin are prominent and 
acutely pointed, the third tooth much smaller than the others, and the 
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fourth or last tooth with a slender spiiiiform tip directed forward and 
upward and with a sharp granulated ridge extending from its baite 
inward upon the branchial region and nearly parallel to the postero- 
lateral margin. The areolation is well pronounced and agrees in the 
main with C. angvlatu^ Dana. In the depression on each side just 
iu front of the auteiior lobos of the branchial region there is a trans- 
verse line of three obscure, oval, smooth spots. From the small tooth 
in the poxtero-lateral margin, a short lidge extends backward just 
above and parallel to the margin as for as the lateral angle of the 
carapax. 

The chelipcds are stout and equal. The moms is triangular and the 
angles granulous. The carpus, and the hand nearly to the tips of the 
lingers, are sharply granulous. The fingers are slender and their 
inner edges nearly straight and armed with regular rounded tuberou- 
liform teeth. 

In the ambulatory legs the meral segments are granulous above 
and OH the angles. The dactyli of the first three pairs are naked ex- 
cept a few hairs on the posteri()r edge at the_ base, slender, somewhat 
curved, smooth and deeply eulcate; those of the posterior pair are 
shorter, compressed, and their edges thickly clothed with soft hairs. 
In the first pair of legs the posterior edge of the propodus is clothed 
nearly its whole length with a brush of soft hair ; in the second pair 
there is a similar brush but only on the terminal half; in the third 
pair it is wholly wanting, or represented only by a few hairs near the 
articulation with the dactylus. In the posterior pair of legs the edges 
of the dactylus, propodus and carpus are densely clothed with soft 
hair. 

The male sternum is concave in a lateral direction, and the articula- 
tions between the segments of the abdomen are nearly straight instead 
of curved as in C. tiriffvlatus. 

Length of carapax in a male, 3l*0""° ; breadth of carapax, a5-6""" ; 
ratio of length to breath, 1 : 115. Breadth between outer orbital 
teeth, 248"""; ratio of this breath to breath of carapas between 
latei-al teeth, I : 1-48. 

This species was not obtaine<l by Prof Ilartt. The only specimens 
which I have seen are two males, in the collection of the Peabody 
Academy of Science, Salem, Mass., brought from Rio de Janeiro by 
Capt Harrington. 

The C. cirripes differs from C. angulatua Dana {United States Ex- 
ploring Expedition, Crust., p. 362, pi. 22, fig. 6), from Rio Negro, 
Northern Patagonia, and heretofore the only known species of the 
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genus, in having tho front as seen from above nearly straight instead 
of deeply bilobed, in the much greater bretCdth of tlie carapax between 
the onter orbital teeth — the ratio of this breadth tothe breadth of the 
carapax between the lateral tei-th being in 0. an^ulattia, I : ', -68, — 
and in the ciliated posterior legs. 

ITca cordata. 

Cancer eordatui Unu^ Amcenltatos Academics, tome vi, p. 414, 1763; 87atema 
Natune, editio xii, tome i, p. 1039; Herbat, op. dt., Baod [, p. 131, Tab. 6, fig. 38. 

Cancer nca Lina^?, Systema Natiine, editio jii, tome i, p. 1041. 

Uca bettitt Dana?, United States Exploring: Ezpoditlon, Crust, p. 37g. 

(JK» Uca una Giieric, Iconographle du R^gne Baimnl, Crust., pL 5, flg. 3, mc Ed- 
ward.i, Histoire naturelle des Crust., tome ii, p. 22, et Hi^gne auimal do Cuvier, 
3™ Mit, pL 19, fig. 1.) 

A single specimen of this species was obtained by Prof Hartt at 
Bahia. There are also specimens from Par& in the collection of the 
Peabody Academy. All the specimens examined were males. 

The carapax is entirely naked and perfectly smooth above, very 
broad, the greatest breadth being much anterior to the middle, and 
very convex in an aiitero-posterior direction. The cervical suture 
is very distinctly indicated, especially in the middle of the carapax, 
where there is a broad depresaion on each side at the antero-lateral 
angle of the cardiac region. The gastric region is broad and flattened 
in the middle, the antero-lateral lobes are only indistinctly separated 
from the median, and the posterior portion is rounded and slightly 
protuberant bat is still lower than the branchial region. The cardiac 
region is very large, scarcely divided, and the posterior portion ex- 
tends far back between the bases of the posterior pair of legs. The 
branchial regions are swollen, evenly ronnded above and wholly un- 
divided, and the lateral mai^ins are very convex in the anterior por- 
tion and are indicated by a very slight denticulated ridge. Tlic whole 
front is bordered by a sharply raised margin ; the median lobo pro- 
jects almost perpendicularly downward between the oi'bits, and its 
margin is regularly curved. The orbits are very large, and tho mar- 
gin is broken by a broad and deep hiatus on the lower side at the 
outer extremity, just over which the outer angle of the superior mar- 
gin projects as a ronnded lobe ; the inferior margin is nearly straight 
and is formed of two nearly parallel ridges, the inferior of which is 
armed with a line of small tubercles, and the superior is irregularly 
granuloua. The inferior obital regions are perfectly smooth and sep- 
arated from the buccal area by deep sulcL The inferior lateral re- 
gions are swollen and nearly smooth, there being only a few small 
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and Bcattcred grannies on the anterior portion near the inferior orbital 
region. On eacli side of the bnccal area there is a high ridi^e which 
is armed with a few small tubercles. 

The external maxillipede are smooth and naked on the outside, and 
the inner edge and the palpus thickly clothed with coarse hairs. 

The chelipeds are somewhat unequal and very large. The merus 
is stout, sharply triangular, both the inferior angles are armed with 
stout spines and the superior angle is coarsely granulous. The 
carpus is broad, smooth and evenly rounded on the outside, and spi- 
nous along the inner edge and on the anterior edge beneath. Tlie 
hand is broad, compressed, spinous on the superior margin and on the 
inside, the inferior margin granulous, and the outer side smooth ; the 
fingers are high and compressed, their tips strongly incurved, and the 
inner edges slightly separated in the middle and armed with small 
irregular teeth except at the tips, which are slightly spoon-shaped 
with the edges horny, continuous and sharp. 

The ambulatory legs are smooth and naked above, but all the 
segments in the first three pairs, except the basal ones, are thickly 
clothed beneath and on the anterior side with very long coarse hair. 
Those of the anterior pair are longer than the others, and those of 
the posterior pair are much shorter than the others and but slightly 
hairy. The dactyli of the first two pairs ar« very long and stout, 
slightly curved downward, their extremities compressed vertically 
and five-sided with the angles sharp ; those of the third pair are much 
shorter and curved backward as well as downward ; those of the 
posterior pair are still shorter, strongly curved backward and six- 
sided, the superior side being much broader than the others. 

The sternum is narrow, very convex in an antero-posterior direction, 
and the depression for the lodgement of the abdomen is broad, very 
deep, and extends quite to the base of the maxillipeds. The male 
abdomen is broadest at the third segment ; the second segment is very 
small, and the two segments which precede it are completely coalesced. 
The appendages of the first segment are triquetral and very stout 
and extend to the extremity of the penultimate segment. The appen- 
dages of the second segment are very smalt, extending scarcely be- 
yond the third segment. 

Length of carapax, 64-0'°"' ; breadth of carapax, TS-J"" ; ratio, 
1 : 1-36. Length of merus in right cheliped, 33-8'""'; in left cheliped, 
38-0. Length of right hand, 4»-5 ; length of left hand, 4»-0. 

One of the specimens in the collection of the Peabody Academy of 
Science has the chelipods much more unequal than in the specimen 
described above but agrees with it in all other characters. 
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There are at least three American species of Vca: — the U. cot' 
data, described above and the V. una (the species figured by Gn4rin 
and Edwards), from the east coast, and U. IcBvis, the species described 
and figured by Edwards in the Archives du Mas4um d'Histoire nat- 
ure! le, tome vii, p. 186, pi. 16, from the west coast 

The synonymy of these species appears to be in much confusion. 
The <7an«er coriAifiM of Liun^ is described at length in the Amoenitates 
Academics, and is evidently the species described above and the 
same as the one figured by Herbst. The description of C. rica in the 
Systema Natur» is very short and indefinite and no characters are 
given by which it could be distinguished from the C. cordeUus. 

Hilne Edwards in his Ilistorie naturelle de Crust., 1837, quotes both 
these species under his Vca una Latreille ; he gives " l*Am^rique 
m6ridionale " as the habitat of U. una, and describes a new species, 
U. hevi», from "les Antilles." The slight descriptions of his kevia 
here given would not distinguish it from the U. cordata. In his re- 
view of the Ocypodoidea in the Annalea des Sciences naturelles, 3"' 
Buries, tome xz, 1 858, these species are again briefly characterized and 
the same habit as given. In 1864, in the Archives duMus6um,loc. cit., 
he describes JJ. Itei-is at length and figures it, but says, " Je ne con- 
nais que des individus miiles de cette esp6ce ; la plnpart out &t& np- 
port^ des environs de Guayaquil, par M. Eydoux." The description 
and figure here given apply well to specimens in the 3Iuseum of Tale 
College collected at Guayaquil by Mr. Bradley, and distinguish it 
readily from the Atlantic species. To add to the confusion, Lucas in 
D'Orbigny's Voyage dans I'Amfirique mfiridionale, Crust., p. 23, 1843, 
gives, without description, " Vca una Latr." as coming from " Envi- 
rons de Guayaquil : M. Eydous." evidently having the same specimens 
before him that Edwards has described and figured in the Archives 
du Museum 1 If Edwards' original specimens of Iceeia were from the 
West Indies as stated, they are probably the W. cordata, but, even 
if this be the case, since the east coast species is evidently the Cancer 
cordalus of Linn6, the name Imoia may be retained for the west coast 
species to which Edwards's last and fullest description and his figure 
apply. 

White, in the list of Crustacea in the British Museum, p. 3], 1847 
has " Vca cordata " from the West Indies and Brazil, but quotes as 
synonyms, Cancerucaand C confo(w«of Linn6, C. ewrfaft/a of Herbst, 
and Vca una of Gu^rin and Edwards, evidently confounding the two 
Atlantic species and intending to restore the older of the Linnean 
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Caxdiosoma quadratum Saussure 

Cirdiaom-i q'tairala Saussare, op. cii, p. 22, pi. 1, t%. 13, 1858. 

Ci'iiiiint di'trii-n Gill, Annila Lvo Njt. Uki, Mew York, vol. vii, p. 42, JaauBrT', 

1859. [Wranjl; priated 1658 OQ the tbird signature.] 
A number of specimens were collected at Pemambuco. 
It ia at once distinguished from the C, Guanhumi \>y the mare 
quadrate form of the carapax, the branchial regions being much less 
swollen, by the lateral margin being marked by a distinct carina in- 
stead of evenly rounded, and by the sharply triangular and spiny 
merua of the chelipeds. Some of the speciraens collected by Prof. 
Hari^t are nearly as large as ordinary specimens of C. Guanhumi and 
etill retain the distinctive characters, so that it seems scarcely possible 
that it can be the young of that species as suggested by Saussure. 
This species is in fact more nearly allied to the C. camifex than to 
C. Guanhumi, and it resembles so closely a species in the collection 
of the Peahody Academy of Science from the west coast of Africa 
— apparently the C. armatum of Herklots, — that it might readily be 
mistaken for it. The African species differs however in having the 
carapax less convex and the carina of the lateral margin less promi- 
nent ; the front is broad and high, the anterior lobes of the gastric re- 
gion are protuberant and the depressed space between them and the 
frontal margin is coarsely granulous, while in the quadratum the an- 
terior gastric lobes are not protuberant and the depressed space be- 
tween them and the frontal margin is scarcely granulous. The epis- 
tomc and the nasal lobe are quite different in the two species ; in the 
quadratum the spistome is nearly straight and its anterior mai^n is 
not granulated, the naaal lobe is high, forming rather more than a 
semicircle, and the lobes of the front on eacli side of it do not reach 
down to the anterior margin of the epistome, while in the African 
species the epistome is higher, more curved and the anterior margin 
granulated in the middle, and the nasal lobe ia much lower, so that 
the lobes of the front on each side of it reach quite down to the an- 
terior mai^in of the epistome. Finally the chelipeds and ambulatory 
legs in the African species are more spiny and granulous. 
Specimens of C. quadraium give the following measurements: — 

Hilr. HkIc. renile. Female. 

Length of carapai, 13'6'n'n IS-e"™ 43-3mm 4S'gmm 

Breadth of " 53'4 65-8 B3'3 56 6 

Eatio of length » breadth, 1 : 1'25 1 : 122 1 : 1-23 1 : 1-21 

Length of menia in right chelipod, 31-7"" 28-4™" aOB"" J4-4i™> 






left 
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ANOMOURA. 
DromidiB, AntilleuBlB SHmpson. 

Dromidia AntiSeraia Stunpson, Proceedings Acad. Kat Sd, Phfladelphia, 18SS, p. 

335, 1859 ; AflnaJa Lye Uat Hiat, New York, toL vii, p. 71, 1869. 
Several specimens of this species were obtained by Pro£ Hartt at 
the Ree& of the Abrolhos. They give the following measuremente 
and ratios: 

Lesflti of cimpn Brudth of 

Stx. mclDd&g ^nUI twtb. aixfa. Batlo. 

Male. 16-6"» lB-6°™ 1 : 1-01 

" lS-3 186 1 ; 1-03 



All the Specimens have a covering of tough, fleshy sponge, much 
broader than themselves, held closely upon the carapaz. 
Stimpson's specimens were &om Florida and St. Thomas. 

Petroohirus granulatus sttopBon. 

Pagttnu gramilaiai Olivier, Gncyclop., tome viii, p. 640 {ftete Edwards); Kdwarda, 

Observationa Zoologiques sur lea Pag^ures, Annales dea ScienceB naturellea, i^ 

B^rie, tome vi, p. 276, 1836; Hiatoire naturelle dea Cruet, tome ii, p. 226; Dana, 

United States Exploring Expedition, Cruat, p. 463. 

Fetrodiinu tnmuiaiia StJmpson, Frooeedinga Acad. Nat ScL, Phfladelptiia, 1868, p. 

333, 1866; HeUer, op. dt, p. 85. 
A single specimen in a Scolymia was collected by Pro£ Etartt at 
the Beefs of the Abrolhos. 

CalolUUS BnloatllS Stimpgon. 

Pofpirtu mlealat Edwards, Auuales dea Sciences natnrelleB, 2^* a^rie, tome vi, p. 279, 
1836 ; Hiabnre naturelle dea Crust,, Cooie ii, p. 230. 

i'ofBrw liMisn White (vorMvX Liatof Cruat. in the Britisli Museum, p. SI. 

Cakimu mkaba SCimpaon, Froceedinga Acad. Nat SoL, PMladelpbia, 1868, p. 234. 

A male of this species was collected at the Reefe of the Abrolhos. 

Length of body from front of carapax to tip of abdomen, 23'5""" ; 
length of left hand, 7'6 ; breadth of left hand, 4-6, 

It is closely allied to C tibicen Dana and C. obscums Stimpson, but 
diffen remarkably from both of them in the deep and rugose sulcus 
' on the outer side of the propodus of the left leg of the second ambu- 
latory pair. This sulcus is very marked, extends the whole length of 
the segment, and is limited on the upper side by a sharp carina. From 
the obacurus it differs moreover in having the carapax broader in front, 
and the antero-lateral angle more prominent, and not rounded, as it is 

TRAKEL COHHBTnCDT AOAD., VOL. II. 3 ADaDBt, 1869. 
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in that species. The larger hajid is much narrower and more cylin- 
drical, aod the dactyli of the ambulatory legs are not so strongly 
curved as in C. obscurua, 

Cllbanarius vittatiia sumpwiu 

Faganu vtHotM Boac, Histoira aiiCurelle dee OrusL, tome ii, p. IS, pL 13, Sg. 1, 1803 ; 

Edwards, Histoire tuturelle doa Crust, ii, p. 231 ; Gibbea, loc. cit. p. 189. 
aw>anariaa viOaiM StimpsoD, ProoeediDgB Acad. Nat Sd., Fhilad., 1858, p. 336, 

18B9 ; Annals Lye Nat Hist, New York, toL vii, p. S4. 

Several specimens were collected at Caravellas, Province of Bahia, 
They do not differ perceptibly from Florida specimens, except that 
the bands are perhaps a little less tuberculose. 

Cllbanarius sclopetarius Stimpson, 

Omeer tek^ttariui Herbat, op. cit, Band ii, p. 23, Tab. 23, fig. 3, 1196. 

Pagaraa sdopetarius Bosc, Eistoira naCurelle des CruaL, tomoii, p. 16, 1803; E>d- 

wards, HiBtoire naturalle dea Crust, tome il, p. 229. 
ClUaaariia telopelarUu Stimpson, Procasdinga Acad. Not 3d., Philadelphia, 1858, 

p. 335, 1869 ; AmuOs Lye Nat, Hist, New York, vol vii, p. 86. 

A single specimen was collected in shoal water at the mouth of the 
Caravellas River, Province of Bahia. 

Clibanarius Autillensis StimpsoQ. 

OUbaaariia Antilletaie Stimpson, Proceediaga Acad. Nat ScL, Philadelphia, 1S68, p. 
335, 1869 ; Annala Lye Nat Hist, Now York, voL vii, p. 85. 

I refer to this species a large number of Bpecimens collected at the 
Ree& of the Abrolhos. 

It is certainly very closely allied to C BraiiUensiB Dana (United 
States Exploring Expedition, Crust., p. 467, pi. 29, fig. 7), but the 
opthalmic scales are somewhat larger than represented in Dana's 
figure, and the right leg of the third pair convex upon the outside. 
In the alcoholic apecimeas the ground color of the hands and ambula- 
tory legs is reddish-yellow, iastead of olive. 

MACROURA.. 
Boyllarus aequinoxiaUs Fabrictus, 

aeiiUarM aqtmoxiala Fabridus, Supplamentum Eatomologiu sjBtematioee, p. 398, 
1798; Bosc, opi cit, tome ii, p. 19; Edwards, Hishnre naturalle des Crust, tome 
ii, p. 386, pL 24, fig. 6. 
A dngle male specimen collected at Bahia appears to belong to 
tbia species. 

The carapax is broad, the breadth in front exceeding slightly the 
lei^th of the lateral nuu^in, evenly convex above, the regions scarce- 
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\y indicated, and covered, as is also the upper eide of the abdomen, 
with small squamiform tubercles of nDiform size, and each bearing 
several email fascicles of short setaceous hairs. The anterior margin, 
the margin of the orbits, and the lateral margin are anned with 
numerous, small, obtusely rounded, tnberculiform teeth. 

The antennultc extend slightly beyond the tips of the antennie ; the 
basal segments are clothed below with short setie ; the terminal seg- 
ments of the peduncle are smooth and cylindrical; the inner flagella 
are nearly as long as the last segment of the peduncle, sparsely ciliate 
and tapering regularly to a slender point; the outer Stella are 
stouter, and considerably shorter than the inner. In the antennte, the 
ba«B is very short and broad, so that, on the outside, the base of the 
ischium nearly touches the anterior margin of the carapax ; the 
ischium is much broader thau long, the middle portion rough and 
hairy, tbe outer and anterior margins smooth and naked, and the 
edges slightly and irregularly toothed, except the process on the inner 
side which has two strong teeth upon its inner edge and a smaller one 
on the anterior edge toward the articulation with the mems; the car- 
pal, or last segment, is broader than long, tbe edge arcuate and cren- 
nlsted, tbe middle portion above and below roughened with short, 
stiff hairs, but a broad space along the margin smooth. 

All tbe inferior surface of the thorax and the exposed parts of its 
appendages are rough with short, stiff hairs or sette. The thoracic 
legs have a carina upon the posterior edge of the mems and carpus, 
which is very high and thin on the mems in all except the posterior 
pair. Tbe dactyli in the first and second pairs are smooth and 
nnarmed, but In the second pair they are longer and much slenderer 
than in the first ; in the last three pairs they are armed with fascicles 
of stout homy setie. 

The lamelbe of the appendages of the second segment of the abdo- 
men are lanceolate, and the inner and outer of about equal size. 
The appendages of the three succeeding segments are mdimentary 
and scarcely project below the edge of the segments. The lamellss 
of the appendages of the penultimate segment are broadly rounded 
at the extremities, and the inner ones project beyond the tip of tho 
terminal segment. The terminal segment is broader than long, and 
the extremity truncate with the angles rounded. 

The following description of the colors was taken from the speci- 
men when recently preserved in alcohol, and when, according to 
ProC Hartt, the colore were as in life. 

General color above reddish-brown ; antenna lighter, bordered with 
bright purple, and the teeth of the edge orange-red ; antennulie light 
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reddish ; carap&x with the frontal and mediiia tubercles, the taberclee 
of the orbits and of the anterior and lateral margins orange-red ; first 
segment of the abdomen bright orange, the median portion slightly 
mottled with purplieh-red, and with two large circular reddish-pnrple 
spots ; the succeeding segments with the smooth anterior portion, 
orange mottled with purplieh-red; terminal segment and the lamelli- 
form appendages of the penultimate segment brownish-yellow, almost 
white at the extremities. Beneath, dirty yellowish; antennie with 
the color? of the upper side dimly repeated ; legs with slight purple 
annulations at the articulations. 

Length of bodj from Up of rostrum to eztremi^ of abdomen, ■ 190-l)>">> 

" of carapsx ftom tip of roBtrum to middle of posterior roaigin, 86-0 
Breadth of carapaz, -----.. lis 
Length of aatenDulte, below, . - - . . 55-0 



antenmef 
Brat thoracic 

third ' 

fourth ' 

fifth 



leg*. 



Panulirus echinatus, sp. dot. 

This species is closely allied to P. gultatm. 

The carapax is armed with numerous stoat spines, those on the 
anterior part of the carapax larger than those behind ; the surface 
between the spines is closely filled with small tubercles, which are 
beset with short, stiff hairs, and many of the tubercles in front of the 
cervical suture are tipped with spinnles. The cervical suture is mark- 
ed by a deep depression. 

The antennulary segment is armed with two straight and slender 
spines which project forward and upward, their length twice as great 
as the distance between their tips. The superior orbital spines are 
stout and long, and extend slightly beyond the tips of the eyes. On 
the anterior border below the eye, there are two other spines project- 
ing over the base of the antennee; from the inner of these there is a 
line of about eleven smaller spines, three of which are in front of the 
cervical suture, extending to the postero-lateral angle of the carapax ; 
below this line there are no spines on the branchial region. Just 
behind each of the superior orbital spines there is a stout spine as large 
as the spines on the anterior mai^n below the eye ; behind these 
spines, and in front of the cervical suture, there are four smaller spines, 
thus forming, with the orbital spines, two-subdorsal lines of fonr 
spines each, which are succeeded behind the cervical suture, by two 
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lines of five email spiDes each. On the median line of the anterior 
part of the gastric region there are three small, sharp spines. The 
remaining spines of the carapax are disposed irregularly. 

The peduncle of the antennula extends slightly beyond the pedun- 
cle of the antenna ; the basal segments are armed with short setn. 
The inner flagellum is about as long as the carapax, quite slender and 
wholly naked ; the outer flagellum is shorter, much stouter, and the 
terminal portion ciliated beneath. 

The pedancle of the antenna is a little longer than the breadth of 
the carapax, and is armed with stout spines, three of which are on the 
anterior edge of the basis, and another on the inner side, below and 
near the outer of the three spiniform teeth of the anterior edge of the 
epistome. The flagellum is about three times as long as the carapax, 
tapers to a slender point, and is armed with sharp spines. 

The external maxillipeds, when extended, reach nearly to the an- 
terior extremity of the basis of the antennte, and all the segments are 
thickly clothed on the inside, and the dactylus all round, with stiff 
hairs ; the exognath is radiraentary, about half as long as the dactylns 
of the endognath, quite slender, and is wholly without a flagellum. 

The thoracic legs are smooth and naked, except the dactyli and the 
outer portion of the under side of the propodi ; the mersl segments 
are each armed with two sharp spines, one above and another on the 
inside at the extremity next the articulation with the carpus. The legs 
of the first pair are shorter than the others, do not reach quite as far 
forward as those of the second pair, and the dactyli are stont and 
thick. Those of the second and third pairs are more slender than the 
others, especially the penultimate segments, the dactyli straight 
nearly to the tips, which are hooked abruptly down. The third pair 
reach slightly beyond the second. The fourth pair extend only to the 
middle of the propodi of the third pair; the carpus is armed with a 
stout and sharp spine on the upper edge of the extremity next the 
propodus, where there is no spine in the other legs ; the dactylus is 
stout, the basal portion armed beneath with slender spines, which are 
articnlated at the base and movable, and the terminal portion taper- 
ing to a slender point and curved evenly downward. The legs of 
the fifth pair reach to the middle of the propodi of the fourth; the 
coxa is armed with a long, sharp apine on the posterior side and near 
the articulation with the basis; the dactylus in the male is similar to 
that in the fourth pair, but shorter and more curved ; in the female 
the dactylus is somewhat shorter than in the male, and armed on the 
posterior side of the base with a stout process which closes against a 
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similar process from the extremity of the propodns, both proceflses 
being hairy upon the outside and having homy, spoon-shaped tips. 

The abdomen is nearly smooth, and all the segments, except the ter- 
minal, are crossed by a narrow and thickly ciliated sulcus, which is 
interrupted in the middle on the third, fourth and fifth segments. The 
first segment has a single, short lateral tooth. The remaining seg- 
ments, except the last, hare this tooth spiniform and very large, and 
a small additional one behind it ; the larger tooth ia armed, except in 
the penultimate segment, with one or two small spines or denticles on 
the anterior edge, near the base. The posterior edge of the penulti- 
mate segment above is armed with close set, sharp teeth. 

The lamelliform appendages of the sixth segment of the abdomen 
arc of about equal length, broad and truncate at the tips. The lamella 
of the last segment is slightly narrowed and truncate at the tip, and 
does not extend beyond the iamellie of the sixth segment. In the 
male, the lamella of tlie second to the fifth segment are oiate and all 
of about the same size. In the female, these lamellfe are very much 
larger; in the second segment, the inner one ia of the same form and 
nearly of the same size as the oater; in the three following segments 
the outer Iamellie decrease in sizo successively, and the inner Iamellie 
are each composed of two branches, the outer branch being narrow, 
triangular, its edges thiclcened, multi-articulate and clothed with long 
hairs ; the inner branch slender, not tapering, articulated at the base 
of the outer branch, not jointed like the outer branch, but composed 
of a single piece, and clothed beneath and at the tip with long hairs. 

Two specimens give the following measurements: — 

Length or bodj from base of BUtenaulio to eitretoitj at ab- uiie. Fimile. 

domen, ...---- 135-0"" 166-0°^ 
Longth of carepox from base of antonnulro to midiUe of poB- 

terior rnnrf^ 
Breadth of oanipax, ..... 36-a 

103-0 



Length of antennuUc, 

" inner Bagellum of sntennulfs, 



48-0 
260-0 



" Drat thoradc legs, 
" second, " 
" third, 
" fourth, " 
flflh, 

Several specimens were obtained at Peniambuco. 
Thisspeciesappearstobeclosely allied to the/*. j^MttoiM* of the West 
Indies, but that species, according to Edwards' description and figure 
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(Histoire Natorelle des Crust., tome ii, p. 297, pL 23, fig. 1 and 2,) has 
the thoracic lege of the second pair longer than those of the third; 
h« also states that the tranaveree sulci of the abdomen are not inter- 
rapted on the first three segmeDts ; and moreover, in his figures no 
spines are indicated upon the hases of the antenne, or upon the cox» 
of the posterior thoracic legs, and the flagella of the antenDie and the 
antennolte are much shorter than in our species. 

Heller (op. cit., p. 95) and DeHaan (op. cit., p. 150), both state that 
in the gtittatu» the spaces between the spines of the carapax are 
Bmootb, while in our species they are tuberculose and hairy. Ndther 
Edwards, De Haan nor Heller mentiou the sub-cheliform posterior 
thoracic legs as a character of the female of P. ffuttatue. 

Alphens hateroohelis Saj. 

jl^ftfHi AtterocMu Say, Journal Acad. "SiA. 3d., Fbiladelphia, vol 1, p. 243, 1818; 

Edwardu, Uiskiire naCurelle dea Cnial., tome ii, p. 3G6 ; Gibbea, loo. ciL, p. 196. 
Aiplteua armiUala) Edwards?, IliBtoire naturelle des Cniat. tome ii, p. 364, 1831. 
Alphetn lutarius SauBBure, op. cit, p. 4B, pL 3, flg. 24, 18G8. 

A large number of specimens collected at the Reefe of the Abrolhos 
agree perfectly with specimens from Florida and Aspinwall. 

Falsemon JamaiceaBls Olivier. 

Oaneer (AiUteat) Jamaiceiuu Herbat, op. dt. Band ii, p. 67, Tab. 31, flg. 3, 17B8. 
PakenvmJantaicenHs Ol\\iet, Encydop., tome viii,(CBif; Edwards,); DeamaroBt, op. 
dt, p. 237; Edwards, Histoire natiirelle des Crust., tome Ii, p. 39S, B^gne animal 
de Cuvior, 3* Mt, pL 3, fig. 4; Saussure, op. oil, p. 49. 

Of this species there arc in the collection two specimens, both 
males, from PenSdo, Rio Sao Francisco, 

In both specimens the rostrum is stout, a little shorter than the 
antennal scale, and is armed above with twelve, and below with four 
teeth. The anterior legs are longer than the carapax, and nearly 
naked, except a few fascicles of hairs on the fingers ; the hands are 
slender, and about half as long as the carpus, which is slightly shorter 
than the mems. In the smaller specimen the second pair of legs are 
equal, stout, very long, and thickly beset with small spines; the 
hands are cylindrical, much longer than the oarapax, and the fingera 
half as long as the palmary portion of the hand. In the larger speci- 
men the legs of the second pair are quite unequal, the left one being 
considerably longer and much stouter than the right, and the fingers 
only a third as long as the palmary portion ; the right hand is much 
as in the other specimen, but considerably smaller in proportion. In 
both specimens the penultimate segment of the abdomen is broad. 
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the lamelln of its appendages are broadly rounded at their extremities, 
and the outer ones alig)itly broader, but scarcely longer, than the 
inner. The terminal segment of the abdomen is stout, its extremity 
broad, rounded, ciliate, and has a small movable spine on each side. 

A single, email and somewhat impei-fect specimen, also a male, from 
Caravellas, Province of Bahia, is apparently the young of this species, 
but presents some differences. The rostrum is arraed with fifteen 
teeth above and three below, and the legs of the second pair are quite 
short, extending but little beyond the first pair, sparsely spinnlose, 
and the hands quite Blender. In other respects it agrees closely with 
the larger speciinenH, 

The three specimens give the following measurements ; — 







Penedo. S»o FtmicImo. 


Length 




126- O"" 


UagOi 


of carapaz from orbit to middle of poate 


lor 




margin, . . . - 


48-0 


41-2 


Breadtl 


oTcarapai, . - - . 


21-a 


23'5 


Length of roBtrum from its tip to baae of ejes, 


21-8 


18-6 


" 


basal scale of antanna, 


230 


190 


" 


first thotadc legs, 


68'0 


ei'B 


« 


menis in first thoradc legs, 


iT-e 


16-0 


" 


carpus, ■' 


210 


16-e 


" 


hand, " .... 


120 


10-6 


" 


dac^lus, " " - 


B-8 


B-2 




second tboracdc legs, 


IIJO— 132-0 


1150 


" 


meros in second thoracic lege, 


. 20-0— 26-6 


26-0 


" 


carpus, " '■ . - 


16-8— 24-0 


n-2 


" 


hand ■' 


. 64-0— 58-0 


69-0 


" 


dactylos," 


27-2— 21-0 


30-0 



Palsemon forceps Edwards. 

Histolre nsturelle dea Crust, iomeil, p. 391, 1837; Seusaure, op. cit, p. 51 ; While, 
List of Orust In the Britieb MuBeuni, p. IS. 

A large namber of specimens of this Bpecies was obtained by Prof 
Hartt at the mouth of the Pari. 

The larger males agree with Edwards' description. The carapax is 
granulous, especially on the sides. The rostrum is stout, nearly straight, 
extends slightly beyond the antennal scale, and is armed above with 
nine or ten, and below with five to seven teeth. The antennal and 
hepatic spines arc stout and of about equal size. The legs of the 
second pair are very long, cylindrical, the inner and the inferior sides 
of the meraa, carpus and the basal half of the hand are armed with 
about four longitudinal lines of slender spines, the upper and outer 
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sides thickly set with short apinulee and elightly hairy ; the fingers 
are slender, cylinilrical and thickly covered with a woolly pubescence. 
The lamellifonn appendages of the penultimate segment of the abdo- 
men are broadly rounded at their tips, and the outer ones are scarcely 
longer than the inner. The terminal segment of the abdomen is naiv 
rower than in P. JaniatceTtms, the sides are straight, and the tip has 
a strong median tooth and a slender spine each side. 

The young males are quite similar to the full-grown, but the oar- 
apax is nearly smooth, the rostrum somewhat upturned at the ex- 
tremity, and the legs of the second pair are smaller in proportion, and 
the spines and spinules less developed. 

The females differ remarkably {irom the males, all the specimens 
heing considerably smaller, and resembling the young males. The 
carapax is much more gibbous and quite smooth, even in the largest 
specimens. The rostrum in front of the eyes curves upward con- 
siderably, and much more strongly in the small than in the lai^e 
specimens. The legs of the second pair are quite slender, much 
shorter than in the male, only slightly spinulose in the large speci- 
mens, and almost wholly smooth and naked in the smallest. Of the 
ten specimens in the collection every one has large masses of eggs 
onder the abdomen. 

Five specimens given the following measurements : — 



lOe'Dm"" 76-0™ 



Length of bodj from Hp of ro»- 


Mmle. 


Male. 


Mrie. 


tmiB to eitremi^ of abdomen, 


H2-0mm 


las-O"" 76-On™ 


Length of carapai from orbit to 








middle of posterior margin, 


38-4 


33-5 


19-6 


Breadth of carapai, 


23-8 


20-4 


11-8 


LeagOi ef rostrum from ita tip to 








base of eyes, 


310 


290 


n-2 


Length of basa! scale of antenna, 


26-6 


23-0 


1G-2 


first thoracic legs, 


67-0 


60-0 


31-0 


" merua in first tbomoio 








tegs, - - - 


lB-3 


13-0 


7-6 


Length of tarpna, - 


19-3 


17-4 


10-6 


'■ band, . 


8-0 


7-6 


4-8 




171(1— IB8-0 


1430 


67 -0-^30 


" merua in second tho- 








rarfolega, • 


36-0— 32-4 


28-0 


13-4— 9-fl 


length of carpus, 


60-2— 44-0 


iO-O 


20.0—10-0 


" hand, - 


60S— 66-0 


500 


22-6—14-0 


" dflctylus, . 


28-0— 25-0 


24 


n-0— 76 
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PalaBmon ensiculos, sp- dot. 

Pl&te I, figure 2. 

The carapsx ia somewhat gibbous, and the antennal and hepatic 
spines are slender, sharp and of about equal size. The rostrum is 
very long, strongly curved downward for the basal half of its length, 
the terminal half very slender, nearly straight, but strongly inclined 
upwards ; it is armed above with nine to twelve short teeth, which are 
ciliated along their edges, and of which seven or eight are on the 
basal portion, and the others near the tip, and below with eight to 
twelve teeth. 

The eyes are large and the peduncles rather long and slender. The 
fiagella of the antennula are very long, the outer flagellum about as 
long as the whole body and the inner a little shorter. The peduncle 
of the antenna is armed with a small epine on the outside just below 
the articulation of the basal scale ; the basal scale ia long but not 
reaching, by considerable, the tip of the rostrum, the extremity evenly 
rounded and extending considerably forward of the small, acutely 
pointed tooth at the anterior extremity of the outer margin ; the fla- 
gellum is very long, considerably exceeding in length the flegella of 
the antennulio. The external maxillipeds are slender, reaching slightly 
beyond the base of the ilagella of the antennte. 

The iirst pair of thoracic legs are very slender, reaching slightly 
beyond the basal scales of the antennie, smooth and naked, except a 
few fascicles of hairs on the hands. The second pair of legs in the male 
are very long and quite slender, in full-grown specimens the merus 
reaching beyond the tip of the antennal scale and all the segments to 
the base of the fingers closely beset with short spinules ; the hands 
are cylindrical, not swollen, the fingers slender and sparsely clothed 
with short, downy pubescence. In the females and young the second 
pair of legs are considerably sm.tUer and much less spiuulose. The 
third pair of legs reach to the tips of the basal scales of the an- 
tennic. The fourth and fifth pairs are successively a little longer. 

The abdomen is rather slender. The penultimate segment is long 
and narrow, the length above being nearly or quite twice as gi'eat as 
the bro.idth ; the lamelliform appendages are rather narrow, the inner 
ones rather acutely rounded at the tips and reaching a little beyond 
the terminal segment of the abdomen, the outer ones evenly rounded 
at the tips and considerably longer than the inner ones. The terminal 
segment is narrow and tapers regularly to a very slender and acute 
point. 
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Several specimens give the following measuremeDts :— 
LeD^h of body from tip of rostrum to ei- luia. Mile. 

tremitj of abdomen, - - - 108 0"" SIO"" 1 

Length of carapax fnjm orbit to middle of 

posterior margin, - - - - 26-0 19-3 

Breadtlk of carapaz, - - 15 (> 12 

Len^^ of rostrum from its tip to base of eyes, 29-0 2G-0 
baaal scale of aoteiiDa, 
flrat thoradc legs, 
meruB in flrat thoracic legs, 

Becond thoradc legs, - 
merus in second tboracic legs, 
carpus " " 

dactylus " " ■ 14-8 6-7 6'6 28 

A large number of specimens of this fine species were obtained by 
Prof Hartt at Pari. 

Peneus Braeiliensis Latreiiie. 

P«aea4 BramUemit LatreiUe, Noureau Dict^onnnrie d'Histoire uaturelle, toma zxr, 
p. 154 (tah Edwards^ Edwards, Histoire naturelle des CrusL, tome 11, p. 414; 
White, List of Cniat. in the British Museum, p. 80 ; Gibbeg, loc cit., p. IDS. 

I refer to this species a large number of smalt specimens obtained 
by Prof Hartt at Bahia. They agree perfectly with a Bpecimen from 
the west coast of Florida, which is undoubtedly the same as the 
species described by Gibbes from South Carolina. 

Xiphopsneus, gen- "ot. 
The carapax is much as in Penetie, but the rostrum is very long, its 
extremity very slender, and the gastro-hepatic sulcus is scarcely per- 
ceptible, while the cervical and brancliio-cardiac sulci are distinct. 
The antennnlffi are long and slender, and the peduncle has only a very 
email lamelliform appendage on the inndc, vrhich is not foliaceous and 
expanded over the eye as in Peneus/ the flagella are very long and 
slender, the upper ones being much stouter and longer than the lower. 
The antennee, roaxillipeds and the three anterior pairs of thoracic legs 
are nearly as in Peneu*. The fourth and fifth pairs of thoracic legs 
are very long, and the terminal segments very slender and flagetliform. 
The abdomen is quite similar to Peneus, but the lamellie of the 
appendages of the first five segments are mnch longer than is usual 
in that genus. 
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This genua has much the aspect of Peneu», and is closely allied to 
it in the antennte, maxillipeds, anterior thoracic legs and abdomen, 
but differs from it remarkably in the carapax, antennulte and posterior 
thoracic legs. 

XlphopeaeuB Harttii, sp- hot. 

Plate I, figure 1. 

The carapax is not at all swollen; a very slight, rounded dorsal 
carina extends from the base of the rostrum to the posterior border; 
the cervical and hranchio-cardiac sulci are very distinct, and together 
form a nearly straight groove from near the base of the antennse al- 
most to the posterior border ; the inferior margin of the carapax is 
Dearly straight, projecting slightly along the branchial region; the 
antenna! spine is prominent and rather stout, and the hepatic spine 
Blender and acute. The rostrum is very long and slender, in length 
nearly equalling or considerably exceeding the carapax, wholly un- 
armed below, but the basal portion armed above with a thin and high 
carina, which extends back ui>od the carapax a short distance, and for- 
ward as far as the eyes, and is armed with five sharp and prominent 
teeth, and at its posterior extremity with another tooth which is 
smaller, much below the level of the others, and separated from them 
by a considerable space ; the portion in front of the eyes is nearly 
straight or a little upturned, sub-cylindrical, slightly flattened laterally, 
unarmed, perfectly smooth and tapers to a very slender point far in 
front of the antennal scales. 

The eyes are of moderate size, and the peduncles much shorter than 
in most species of Penetis. 

The appendages upon the Inside of the peduncle of the antennulffi 
arc surmounted by a tuA. of hairs which fills a little depression in the 
ocular peduncle. The first antennulary segment in advance of the eye 
is sub-cylindrical, flattened on the under side, and nearly as long as 
the peduncle of the eye ; the next anterior segment is cylindrical and 
one-half as long as the last. The upper flagellum of the antennnla is 
slender, about three times as long as the carapax, and has a short 
portion at the hase slightly thicker than the rest ; the lower fiagellum 
is very slender and about half as long as the upper. 

The basis of the antenna is armed with a small, sharp spine just be- 
low the articulation of the antennal scale. The antennal scale reaches 
to the base of the flagella of the antennula, is much narrowed toward 
the tip, the outer margin is straight and armed with a sharp tooth at 
the anterior extremity, and the inner margin is nearly straight and 
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thickly ciliated. The three anterior segments of the peduncle are 
cylindrical, and the last (carpal) ie much longer than in most species 
of Penens, so that it reaches to the middle of the antennal scale. 
The flagellnm is very much longer than the whole length of the body. 

The second pair of maxillipeds, when extended, reach nearly to the 
base of the antennal scale; the meros is nearly three times as long as 
broad, and thickly hairy on the inner edge; the exognath is very 
slender, clothed along the edges with long cilia, and scarcely reaches 
the tip of the extended dactylus. The external maxillipeds reach 
slightly beyond the middle of the antennal scale and are thickly 
setose along the inner edges ; the exognath is slender, extends slightly 
beyond the menis of the endognath, and is ciliated as in the maxilli- 
peds of the second pair. 

The thoracic legs of the first pair reach about to the middle of the 
propodus of the external maxillipeds, are slender and beset with stiff 
hairs along the edges, and the basis is armed with a short spine on 
the inner side near the articnlation with the ischiom. The second and 
third pairs of legs are successively a little longer, perfectly smooth, 
and the basal segments unarmed. The legs of the fourth and fifth 
pairs are smooth and unarmed, and all the segments, except the coxal 
and basal, are very slender and very much prolonged, the terminal 
segments being fully as slender as the terminal portions of the Amelia 
of the antennulffi. 

The abdomen is compressed, and upon the foarth, fifth and dxth 
segments there is a dorsal carina which is high and sharp npon the 
sixth, and terminates posteriorly in a slight tooth upon the fifth and 
sixth. The terminal portion of tbe appendages of the first segment 
is long, slender and ciliated along the edges ; in the appendages of 
the four succeeding segments the outer of the terminal branches are 
like the terminal portion of the appendages of the first segment, and 
of about the same length, while the inner branches are but half as 
long. The penultimate segment is strongly compressed, and its lamel- 
liform appendages are rather long and narrow, the inner ones project- 
ing considerably beyond the terminal segment, ciliated along both 
edges and narrowly triangular at tip, the outer ones ciliated along 
the inner edges and rounded at the tip. The terminal segment tapers 
regularly to a very slender and acute point, tbe edges of the terminal 
half are ciUated, and there is a deep median groove upon tbe dorsal 
surface. 

In the male, the appendages of the first abdominal segment (plate 
I, fig. 1*), are connected together near their bases by a peculiar sexual 
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organ which depends between them, and conaiats of a central tnbnlar 
portion articnlated with the bases of the abdominal appendages by a 
short process on each side and famished at the lower extremity with 
two stiff, horn-like, tubular processea. The central portion is open on 
the posterior side for its whole length, and the membrane of which it 
is compoBed is folded into deep longitadinal grooves, except on the 
anterior aide which la amootb and flattened, and traveraed longitudi- 
nally by a median auture. The horn-like, terminal processes carve 
alightly backward and downward, and have an opening on the Iowa 
side at the tips. The inner of the terminal branches of the append- 
ages of the second abdominal segment are farnished at the base on 
the anterior side with a small, ovoid, flattened, cushion-like organ 
which is wanting in the append^es of the other abdominal s< 
and in all of those of the female. 

Three apecimens give the following measurements: — 
Longth of bod/ from tip of rostrum to extremity of ab- Hale. F« 

domen, ■ - - - - - SJ-o™™ 133- 

Length of canipax bora orbit to middle of posterior 

mil^ ... 

Breadth of carapax, 
Length of roBtnim rrom tip to base ot e/ea, 

" boeal scale of ontADna, 

" flret thoracic legs, 

" hand in first thorado legs, 

" second thoracic legs, 

" hand la second thorado legs, 

" third thorarac legs, - 

" hand hi third thoracic legsi 

*' merus m fourth tboracic l^s, 

" fllUi thoradc legs, 

" merua in Bfth thorado legs, 

" dflctylos " " 

" first pair of abdoDoinal appendi 

Several specimens of this remarkable speciea — all of them some- 
what broken and in rather bad condition — were obtained by Pro£ 
Hartt at Caravellas, Province of Bahia. 
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SQUILLOIDEA. 
Gonodaotylus ohira^ra Latreii]e(T). 
SqaOla ehiragra Fabricius, Sapplementum EntomoL BjBteoiatics (tute Edwards). 
Gonodaclyhu Airagmt Lstreille, Encjclopedie m^thodiqae, tome i, p. 473, plate 325, 
Sg. 2 {letU Edwards); Edwards, Histoire naturelle des Crust, tome ii, p. G2B, 
Oibbes, loc. dt, p. 301. 
A species of Gonodactyhta was collected by Prol Hartt at the 
Reefs of tbe Abrolhos and at Caravellae, Province of Bahia, which 
does not differ iiota the common West Indian and Florida species. 
The American species is, however, very likely distinct from the true 
G. chiragra of the old world. 

In the foregoing list 32 species are mentioned, of which 21 appear 
to be new to the fauna of Brazil; and of these 31 species, 6 are des- 
cribed as new to science, and the remaining 15 are all species pre- 
viously known from the West Indies or Florida. 

In order to give a better idea of the crustacean fauna of the whole 
Braolian coast, I append the following list; 

XAst of the described y)eeies of Brazilian Podopthalmia. 

Frevioufl to Milne Edwardfl' general work,* scarcely anything was 
known of the cmstacea of South America, and even in this work 
Edwards records Brazil as the habitat of very few species. Some 
additional species, however, are recorded in his later papers on the 
Ocypodoidea,t and Alphonse Milne Edwards bas added a single species 
in his monograph of the Portunids-t A few other species arc men- 
tioned in short papers by Bell,§ Weigman,) and Bate,^ and quite a 

* Histoire naturelle des CniBtnc^a. Paris ; tome i, 1S34 ; ii, 1837 ; iii, 1840. 

f Observations sur la ClassiScatioD des Crastaces. Annales dea Sdeoces natiirelles, 
3<™ B^e; De la fainille des Ocrpodidea, tome iviii, 1852, pp. 128-166, pi, 3-4; Suite 
(I), tome Td, 1853, pp. 163-228, pi, S-U.— Notes sur quelques CruBtao>!s nouveaua ou 
pen connus. Archives du Uus^um d'Histoire natureUe, Paris, tome vii, pp. 145-192, 
[d. 9-16, 1864. 

} Etudes zodlogiques sur les Crustac^ i^cents de la Tamile des PoriwiieDs. Archives 
du Museum d'Histoire naturelle, Paris, tome i, pp. 309-428, pi. 2S-38, 1861. 

g Some Account of the Crustacea of tbe coasts of South America. Transacdona 
Zoological Society, London, vol. ii, pp. 39-66, pL S-13, 1841, and Proceedings Zoological 
8odct7, 1835, pp. 169-173. 

I Beschieibung einiger neuen Crustaceen des Beriiuer Musenms aus Moiiko und 
BraailieD. Archiv filr Naturgeschidite, 1836, Band i, pp. 146-161. 

Y Carcindogical QleaoiDgB, No. m. Annals and Uagadne of Natur&l History, 41| 
aeries, vol i, June, 1868, p. 447. 



by Google 



S2 8., I. SmitA on Brazilian Cnatacea. 

Qiunber of species are indicated by White in the list of Cniatacea Id 
the British Museam,* but nnforttiiiately descriptions of many of the 
new species have not yet appeared. Bat by &r the largest accessions 
to onr knowledge of the Crustacea of this coast were made by PVo£ 
Dana in his work on the Cniatacea of the United States Exploring 
Expedition.! Atthongh the expedition touched on the Brazilian 
coast only at lUo de Janeiro, over forty species of Podophthabnia 
alone were collected and described. More recently Heller has enume- 
rated the species taken by the naturalists accompanying the Austrian 
Expedition round the world during the years 1867-1869.1 Unfortu- 
nately, however, this expedition also touched only at Rio de Janeiro, 
and consequently bat few species were obtained which were not 
observed by Dana. 

From the works of these authors, Pro£ Harrt's collection, and a 
few species in the collection of the Peabody Academy of Science, the 
following list has been compiled. 

A few species, of which the localities are questionable or suspected 
are preceded by a mark of doubt, thu8(f), but all queries which are 
not inclosed in parenthesis are quoted directly from the author whose 
name they precede. When I have personally examined specimens 
from the localities mentioned, they are followed by an ! . In all other 
oases the authority on which it is inserted follows the locality. 

BRACHYURA. 
UAIOIDEA. 

lAbinia apinosa Edwards. 

"Lea c6tes du Bresel" (Edwards, Hist nat des Crust, tone t, p. 301). 
Zibidodea Bratilienaia Heller. 
lUo de Janeiro (Uellar, op. ciL, p. 1). 

MrrHSACiD^. 
Mitkraa hUpidue Edwards. 
AbrolhoB! (Hartt). — Antilles (EdwardB). Tortugas, Key BiBcajna (StimpBoo). 
South Carolina (Qibbes). 
Mithraeuiiu coronutm Stlmpson. 
Abrolhoal (Hartt).— AgpiQWollI (F. H. Bradle;). Tortugaa (Stimpson). 

• Liat of the apedmens of Crustacea in the oollectioD of the British Uiuemn. Lon- 
don. 1847. 

t TTaited States Exploring Expeditdon, during tlie ^ears 1S3B-12, under command ot 
Oharles Wiltes, D. a N., vol lil Crustacea. PhiladelpUia, 1863. Plates, 18B6. 

} Reise der Osterreichlschen Fregatle Norara um die Erde. Zo6L Theil, iweiter 
Band, dritte AbtJioDuug, CnistaceeD. Wien, 186B. 
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EURTPODID*. 

(?) Surypodius LatreiUii GufiriD. 

Eio de Janeiro (Bell, TranucUona Zoolopcal SodeC;, London, Tol. i\ p. 40). — 
Chili (Edwards and Lucas, Bell, While, Dana).— '' Les ilea Ualouinea " (Edwards, 
Hist. nat. des Crust., tome i, p. 284). 

There is probably aome oonfusion of localitiea here. Bell alone mentions the spe- 
cies as coming from Bradl. and as tie had It also from Chili, some interchange of 
Hpocimens may have taken place. The Chilian Bpecies is very likely distinct 
(Vom the East Indiao one. 

Pbbicebid.£. 
MUnia bicorntUa StimpBon, 

AbrolhoEl (Hartt).— Arpinwall t (F. H. Bradley). Antilles (Edwards, Saussure). 
Jajnaica (White). Florida Keys I (B. B. Hunt). Bermudas I (J. M. Jones). 
I*eitmia gouttformts Dana. 
Rio de Janeiro (Dana). 

Acanthonyx Petiverit Edwards. 

" Coast of Brazil " (Bell).— A.ntilles (Edwards).— (!) Valparaiso (Dana). (?) Gala- 
pagos Islands (Belt). 
£^iaUus SratUiensis Dana. 

Rio de Janeiro (Dana). 
EpiaUua marginatua Bell 

" Ad oraB Brasilia " (Bell, Proceedings Zool. 8oc, London, part iii, 1S35, and Trans- 
actions ZooL Soc,, London, vol. ii, p. 62). — ''Adlnsulas Galapagos" (Bell, Trana- 
aotiODS Zool. Soc., loc ciL). 

The apecimeos from the two coasts are probably distinct species, and if bo the name 
margijiaias should be retiined for the Brazilian one. as in the first description 
Bell mentions only the Braziliao specimen, Thero is sumo con<\isioD id regard Co 
the locally tVom which the west coast speclmeD came, the habilata being giren 
as quoted above, but in the remarka fallowing the description in the Transactions, 
it is stated that Che mate spedmen came from Talparmso, where it was found in 
company with K dantabit by Mr. Cuming. 

liucippa levU Dana. 
Bio de Janeiro (Dana). 

canchoidea 
Xantuid^a. 
Xantho parvula Edwards. 

Brawl (Edwards),— Antilles (Edwarda> Cape de Terdea (Stimpson). 
Xantko dispar Dana. 

Rio de Janeiro? (Dana). ' 

Xaritho denticttlata Wbite. 

Abrolbos 1 (Eartt).— West Indies (White). Aspinwall 1 (F. H, BradJe j). Bermudas ! 
(J. H. Jones). 

Trans. Cokmbcticdt Aoad., Tol. IL 3 Auqust. 1869. 
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(?) Menippe Rwnphii DeHaan. 
Rio de JanelroT (Dana). Penumbum (WMte).— Jamaica (While).— Eart lodiea 

(Herbst, Edwards, etc.). 
lite Amarioan Bpecies is probably distinct from the true Aiunpku of tbe East lodiefl. 
I^nopeua polilus Smith. 

Abrolhoat (HarU). 
I'anopeug HarttH Smith. 

Abrolhoel (Sam). 
Panop€it» Herbstii Edwards. 
lUo de Janeiro (H<;ller, op. dL, p. 16), — ABpinwullI Enat and west coast of FIot' 
Idal Bahamaal South Carolinat 
OhlorodiuB Floridanita Gibbee. 

AbrolhosI (Hartt)— l^ej WeatI (Qibbea). Aipmwalll (F. EL BradLej). 
PUunintu Quo^t Edwards. 
lUo de Janeiro (Edwards). 

EkIFBIDjB. 
Eriphia gonagra Edwards. 
Ko de JaQeiro (Dana, Heller). Abrolhos! (Hflrtt).»-A8pinwalll (F. H. Bradley). 
Tortugaa (SUmpsoQ). Florida Kejsl (B. B. Hunt). Bahamaat (Coll. Best. Soe. 
Nat. [list.).— (T) Panama (Stimpson). 

POETUNID^. 

CaUirtectes omatus Ordway, 
CaraTellasI (Hartl).') — Cumana; Bajti; Tortufcas; Bihamea; South CaroUna (Ofd- 
wa;). BenDiidiial (J. U. Joues). 
CaUinectee. larvatua Ordway. 

Balual (BarR).— Ila3^i ; Tortu^asj Key West; Baliamaa (Ordway). 
CaUinectea Danes Smith. 

Pemambuco [ (Hartt). Rio de Juueiro (Dana). 
AchdoU* »pinimanus DeHaan. 
Rio do Jaoeiro (Daaa, Keller). Bahial (Q-irtt).}— South Oarolina (Stimpsou, A. Ed- 
wards). West FLiriilal (E. Jewatt). Martinique (A, Edwards). 
AcheloHs Ordwaifi Stimpson. 

Bahial (Hartt).— ^t. Thomas; Tortugas; Bay Biscayne (Slimpsoo). 
Ac/teloUa SefxB. {Neptunua Sebce A. Edwards). 

'■ Les cites du Br^ll " (A. Edwards). — Uartinique (A. Bdwards). 
Croniue ruber Stimpson. 
Brazil (Edwards, White, A. Edwarda). RiodeJaDeiro(lfeiler).— SL TlioDiaa(Siimp- 
soa). Qulf of llexico; Tent Cruz (A. Edwards). Key West (Oibbes).— Panama 
(Stimpson). 

* This species was collected from the whole coast It is very lively, ninning over 
the rocks and biding in holes at low water.— -o. p. b. 
f Taken in nets Id shallow water on the Iwrdera of the l>ay. — c. r. h. 
f Taken in shallow water and sold in the market for food.~c. r. u. 
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Ar^iceta c> ibrariua Dana. 

Bio de Janeiro (Duia).— Guadeloupe; Gulf of Mexico Vorft Cniz (A. EdwaidflJ. 
Kej West; South CaroHua (Gibliea> New Jeraej (Leidy). 

Platyonychid^. 
(?) Carcinua Mcenas Leach. 

Kio de Janeiro (Heller, op. cit., p. 30). — European coast. 

OCTPODOIDEA. 
G0NOPI.ACID.& 
Eaeratopsit croBtimawiu. {Euerete craasimanus Dana).* 
Eio da JaDciro 1 (Dans)- 

OcTPOWD^a. 
Oelasimua maracoani Latreille. 
Rio de Janeiro (Drus). Pemambuco (While). Porto Se^ro ; St. Cruz (HaTtt).— 
Cayenne (Edwarda). West Indies (White). 
GelaaimuspaluttrU^Aw&rdis. [G.vocans Dana), 
ffio de Janeiro (Da ua, Stimpson). — Adpinwatl; HeTti; Tsiaa; South Carolina; Old 
Point Comfort (Stimpson). 
Oelasimus niordaas, sp. nov, 

Paril (Ciieb Cooke, (ML Peabody Acad. Sci.> 
(?) Gdaainiut stenodaatylua Lucas. 
" BrSsil " (Edwards, Annates des Sd. nut., 3<" eitie, tome xriii, 18E2, p. 149). — 
Chili (Lucas, Eldwards). 
Ocypoda rhombea Fabricius. 
Bio de Janeiro (Dejia, Heller).— Jamaica (White), 

G£CABCINtI>.G. 

Gecarcinus Bp. White (List of Crast in British Musenm, p. 32). 

Pemambuco (White). 

* StimpBon, &om an examination of alcoholic apecimens of Ettoraie crenaiva De 
HoHU, has shown (Boston Jouraal Nat Hist., toL vii, p. GSS, ISflS) that DeHaan's 
genus BaeraUia distinct from the .Sucrat« as described by Dana, DeHaan'a genus hav- 
ing the male organs, or verges, arising fr>)iij the coue of the posterior legs, and there- 
fore belonging to the Careinoplacidie • if Edwards, while Dana's spedes has sternal 
verges, and must therefore form the type of a new genua, for which t propose the 
name Eacrateptis. The genua thus constituted appears to be neai«st allied to 
Sptoc'ircmu! 3Cimpsoo (Annals Lye Nat. Hist., Now York, vol vii, p. 08. 1859), 
from which it is distingui^ed by the larger orbits, by tbe approximation of the inner 
margin of the maxillipeda, and by the much greater narrowness of the posterior 
part of the sternum. 
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Pdocarcinua Jjalandei Edwards. ( Gecarcoidea Zaiandei Edwards). 

Brawl (Edwards). 
Cardiosonia Guanhum^ Latreille. 
Brazil (While}.— Am ill ea (Edwardii, Saussure). Florida Kejet (Gibbes). Capede 
VerdoB (Stimpson). 
Cardiosoma quadratum SaiiBBtire. 
Peraambuool (Harrt).t— Aapinwallt (F. H. Bntdle;). Hajti (Saussure). Barbb- 
does ; St. Tbomaa (Gill). 
Ucacordata. 

Bfthial (Hartt), Pariil (CoE Peabody Acad. 3d.).- Sarinam (linn*). 
(?) Vca una Latreille, Edwarda-t 
■' Am^rique meridionale" (Edwards). Rio de Janeiro (Von Uartens, ZooL Beoord, 
ToLiT, 1867,11613). 

TbIC H ODXCTYLtDX. 

Trichodactyliu qiiad'-atua Edwards. (71 JhiviatUU Latreille ?). 

Brazil (Bdwards). Rio de Janeiro (Heller). 
(?) IHchodactyluB punctalua Eydoux et Sooleyet?, Daoa. 

Rio de J.ineiro (Dana). 
TrichodactyluB (?) Oimninghamt. ( Uca OunningJiami Bate).§ 

Tijuca, Province of Rio de Janeiro (Bate). 
Syloiocaroinus DeoUki Edwards (Archives dn MusStun d'Hist, nat., 
tome viii, p. 176). 
" Dons la riviere de I'Ara^ja, k Salinas, province de Ooyas " (Edwards). 
DHoearcinua emarginatxia Edwards (Archives du Mns^am d'Hist, 
nat., tome viii, p. 181). 
'■ Loretto, sur ta Haute- Amazone " (Edwards). 
Dilocarcintte picttte Edwarda (Archives du Museum d'Hist. nat., tome 
viii, p. 181). 
*■ Loretto ( Haute- Amazone) " (tldwarda). 
JHlocareinut Castelnaui Edwards (Archives da Mos^nm d'Hist. nat 
tome viii, p. 182), 
■' Sulina-i (province de Goyai) " (Edwards). 

• I'rof. Il«rtt informs me that this species, whioli lives in the mangrove swamps, is 
O^lsd Ouayamu, and that it is mentioned under that name bjr Fons^ so the specific 
name Gwanhami is probably a mistake for Gvayiuni. 

f Taken in swamps. — o. r. h. 

i Accordiiig to Prof. Hartt a species of Kw is still called in Brazil Vfa-tina. A 
traciog of the origioal flgure of Man^rava, however, indicates that bis Vfo-Hna was 
not the Uca una of Latreille and Edwards, but more liliely the V. cordata. 

§ Annals and Mag, Nat. Hiat., 4th series, vol. i, June, 1868. p. 447, pL 31, fig. 3. 
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Goniopgit cruentatv* DeHaan. 

Rio de Janeiro (Dau&, Hollar). Abrolhosi (Uartt).*— Surinam (Randall). Cuba 
(SauBsure), Florida KejBl (CoD. Bost. 3oc. Nat. Hiat). 
Pachygrapsue timplex Stimpaon. ( Goniograpem simplex Dana). 

Rio de Janeiro? (Dana). — Madeira (SUmpson). 
Paohy^rapfrm intermeditie Heller (op. cit., p. 44). 

Rio da Janeiro (Heller). 
(?) Paohygrapsua tTmotatus Stimpson ( Qoniograpmu innotatus Dana). 
"Locali^ uncertuD; probably trara the South American coast" (Dana). — lladeira 

(StimpsoD). 
If Dana'a specimens came fh)m South America, aa supposed, thej were undoubtedlj 
from Brazil. «Dce SCimpson'a discovetj of it at Madeira shows it to be an Atlantic 
species and the Wilkes Exploring Expedition touched, on the eaat ciast of South 
America, only at Bio de Janeiro and on the coast of Patagonia. 
FochygrapBuB rugiilo»ns. (Leptograpms ruguloms Edwards), 
" Rr^il " (Bdwarda). 

This species is very likely thtf same as P. innolcdiu. which, according to Stimpson, 
is acarcaly to be di^Unituished from P. tranniernta Gibbes. Edwards' desorip- 
Hon, three lioes in length, is, however, too Imperfect to determine anyihinjc in 
regard to the aSaity of the spedes. 
Pachygrapaut maurtts Heller (Lucas). 

lUo de Janeiro (Heller). — Mediterranean (Lucas, Edwards, Heller). 
(?) Pachygrapnu marmoratas Stimpson. {Goniograpnts varius 
Pana?). 
Rio de Janeiro? (Dana).— Madeira (Stimpson, Heller), (^braltar (Heller). Medi- 
terranean (Edwards, Heller). 
Cryptograpaua cirripea Smith. 
Rio de Janeiro r (OolL Peabody Acad. Sci.). 

N^aviilograpgut sp. (" Planes " White), 

Brazil (Wh te. Ust of Cniat. in British Museum, p. iZ). 
Cydograptut integer Edwards. 

Brazil (Edwards).— Florida (Sttmpson). 
Selice granulata Heller (op. cit., p. 61). {Channagnatkiu granular 
tue Dana), 
mode Janeiro (Dana. Heller). Rio Qrandel (Capt Harrington, Feabody Acad. Set.). 
(?) Sesarma anguatipes Dana. 
South America (Dana).— Aspin wall ; on the east coast of Central America, neae 

Oraytown; Florida (Stimpson). 
Since this has proved to be.ao east coast and tropical species, there can be littl 
doubt that Dana's specimens were from Rio de Janeiro. 

• Found running about over the rocks at low tide on the fringing reeC It did not 
^ipear to be common.— c. T. H. 
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Aratus Piaonii Edwards, {■'^eaarma PUotiii Edwards). 

Rio da Janairo (Hellor).— AntiUea (Edwards). Jamtdca (White). Florida (Gibbes, 
SUmpaon). 

CALAPPOIDEA. 

Hep ATI D^. 
Sepatus angiutatua White, {H.faKiattu Latrellle, Edwarda), 
Sio de Janeiro (Dana, Heller). — Ai-piiinrali (StinipBon)^ 

ANOMOURA. 

J>romidia AntiUenBia Stimpson. 

AbrollioBl (H»rtt>— SUThomaal; Tortugaa; Ke7 Biaoajne (Stimpaon). 

P0RCELLAMD.B. 

Petroliathet kporinua. (PorceUana leporina Heller). 

Rio de Janeiro (Heller). 

The fl^re and description gireD b; Holler would ecsroeiy dlatlnguish thia speciee 
ttota the /'. arraalat Stimpson (Gibbea ap.). 
PetrolUthea BratUlentit, §p. nov. (Porcdlana Bo«cii^ Dana, p. 421, 
pL 28, fig. 11, non Savigny, CruBt. Egypt, pL 7, fig. 2). 

Rio de Janeiro (Daua). 
PachycheUa moniliferm Stimpson (Dana). 

Itio de Janeiro (Dana). 
porceUatiafi-ontalU Deller. 

Rio de Jaoeiio (Heller). 
Minyocenu angustu* Stimpson (Dana). 

Bio de Jaoeiro (Daua). 



HiPPIDA. 



Sippa emerita Fabricins. 
Bio de Janeiro (Dana, Heller). 

CBNOBITII1.E. 
Cmobila Diogenes Latreille. 
Braoi (White, IJat of Cmat. io British Museum, p. 81). 



Petrochiras grantdatm Stimpson (Olivier). 
Ko de Janeiro (Dana, Heller). Abrolhosl (Hartt).— Antilles (Edwaris) Key 
West (Qlbbea). Weat coaat of Ftoridal (G. Jewett). 
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Caleintu auleatua Stimpson (Edwards). 

AbroUiosI (Ham).— AntiUee (Bdwarda). 

White reports C. Uhicen Dana tram Braul and the West ladies, but aa he inoladed 
C. tidcaba m a ajnooym, his specimenB were perhaps all of this species. 
Clibanarius SrcuitieTiais Dana. 

Rio ds Janeiro (Dana). 
Clibanarirte AntiUenBis StimpBon. 

Abroihosl (HarCt).—BaTbadoeB (Stimpson). 
Clibannriita vittatita Stimpson (Bosc), 

AbrolhoB I (Hartt),— Kay West \ Charlestoa (Qibbea). West coaat of Florida r (E. 
Jewott). 
Clihannrius adopetartus Stimpson (Herbst). 

Cantvellas River, in the Provinoo of Bahial (Ilartt). — Trinidad (Stimpaon). 
Aapinwalll (F. H. Bradley, Stimpsoti). Tortugaa (Stimpeoa). 
Eupagnrus oriniticornig Stimpson (Dana). 

Bio de Janeiro (Dana). 
(?) Eupoffuru* acabricttlua Stimpson (Dana). 

Braal ? (Dana). 

(?) Galateid^. 

Under the name of Ocdathea ampleetena, Fabiicins, in his snpple- 
mentum Entomologise Byatematicie, p. 415 [testa Edwards), has des- 
cribed a crustacean from Brazil which seems to be unknown to 
snbseqaent writers. It is probably not a true Qalathea. 

MACROURA. 



IScyUarus cequinoxialia Fabricius. 

Braeil (White). Bahial (Hartt).*— Antilles (Edwarda). Key West (Gibbes). 

PALurrRiD^, 
Patvulirus argus White. (Ptilinurue argvx Latreille, Edwards). 

Bahia (White).— Antilles (Edwards, While). 
Pojnulirut echinatuB Smith. 
Panit (HM-tt)t 

PAI*M0N1D«, 

Alpheua heterockeliB Say. 
Abroihosl (Hartt).— Aspinwallt (P. H. Bradley.) Cuba (Sauaaure). Key West 
(aibbes). West coast of Florida) (E. Jewett). South Carolina (Qlbbes. Say). 

■ Tuken in ahsiiow water i 
t Used for food and sold it 

C.F. H. 
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AlpAeut Iridenttilattu Dana. 

Bio de Janeiro 1 (Dmu). 
Alpheue maUeator Dana. 

Bio de Janeiro T (Dana). 
Sippolj/te exilirostr^ua Daiw. 

Bio de Janeiro (Dana). 
Hxppolyte obiiquimanut Dana. 

Rio de Janeiro (Dana). 
PaiUjBmon JamaicenH* Edwards. 

PenMo, Rio Sao Francisoal (Hartt).* Pemambuoo (WUM).— AutUloB (Edwarde). 
Antilles and Gulf or Uexioo (SauMure). 
Pdkemon spinimaniu Edwards. 

Bnuil (Edwards, White}.— Antilles (Edwards). Cuba (Gibl>es). 
FaJoBinon 0(/%r«ii Weigman (Archiv fllr Naturges. 1836, p. 160). 

"AnderEiiste Braziliens" (Wiegman). 
Pateemon forceps Edwards, 

Pemambuoo (White). Riode Janeiro (Rdwards). Mouth of the Parfil (Hartt).— 
Antilles, Gulf of Heiloo (Saussure). 
PalCBtnon acanthunu Wiegman (loc. cit., p. ISO), 

" Das Yaterlind lat die EiiBle Braziliena " (Wiogroao). 
PalcBmon ensimittB Smith. 

Paril (Hattt). 
(?) " Pakemon Zamatrei Edwards ? " (White), 

Pemambuoo (White).— Cotes du Bengals (Edwards). 

Pekbid.«. 
Sicyonia carinata Edwarda 

Bio de Janeiro (EUwardn. Dana). 
Penetu SratUienais Latreille. 

Braiil (Latreille, White). BahUI (Hartt).— Weat ooaat of Florida! (E. Jewett), - 
South Carolina (Oibbes). 
Pejteia tetiferua Edwards. 

Rio de Janeiro (Heller).— Florida (Edwards). South Carolina (Gibbea). 
XiphopeneuB Harttii Smith. 

Oaravellas, Province of BahUI (Hartt). 

* This species, oalled piti, is qnite common in the river Sao Francisco and the 
lai^er streams flowing into it. — c. f. b. 
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SCiUILLOIDEA. 

LyaioaguiUa inomata Dana. 

Bio de Janeiro (Dajia). 
SquiUa rubro4inmta Dana. 

lUo do Janeiro (Dana). 
Sguiiia praainolineata Dana. 

Bin de Janeiro (Dana). 
SquiUa ac^mcauda Latreillc. 

Brazil (Wliite). 
Qonodactylm chiragra Ltttreille, (?) 

Abrolhoal (Hartt). Caravelias, ProTiiioe of Bahial (Hartt).— ARpinirBl] I (F. H. 
Bradle7), Florida Keysl (Oibbes). BermudMl (J. M. Jones). — MedileiTiiaoaD 
Hed Sea; Padflo Ocean (Authors). 

ERic[rniiD.<E. 
Erichthiit vestitua Dana. 

South Atlantic, lat 25° Eouth, long. 44° weat (Dans). 
Erichthui ipiniffer Dana, 
Soatfa Atlantio, betireeD Rio Janeiro and Itio N^ro (Dana.) 

MYSIDEA. 
Mtsid.^. 
Macromyait ffraoilia Dana. 

Bio de Janeiro (Dana). 
Rackitia apinalia Dana. 
AllauUc oS the harbor of Kio de Janeiro (Pana). 

LUCIFEHID.*:. 

lAtcifer aewularia Dana. 
Harbor of lUo do Janeiro (Dana). 

Zofa mbeUa Dana. • 

South Atlantic, lit 2i'> 45' south, long. 44° 20' west (Dana 
Zoea e^hinva Dana. 
Atlantic, lat 23° south, long, 41° 6' west (Dana). 
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EXPLANATION OP PLATE I. 
Figure 1, — X'phopeneita Hartlii, mal«. cophalothorax ; a, b, c, i e, tboracic legs, 
tbo'^o o( the rourth and Utth p3[r8 incninplele. la, appendages of tbe 
Srat segment of the abdomea in the dame specimeD. lb, rostrum of a 
larger, female apecimen; Ic m.-iodible enlarged titfo diametera. 

Figure 2. — P-'larnon ejuicttlas, male. c«rapax ; in. leg of the secnndpiiir; 2b, extremitj 
of abdomeo, Boeii from above; 2c, rostrum of a small femnle. 

Figure d.—Cnjplign'psus cirriptf, male; 3a. steroum and abdomen ol the Bune spe- 

Klgure 4. — Fa . optai poiitia, fi'male, car^uz enlarged tiro diameters. 

Rgure S. — PjoDiiewi Hirtlii, male, canpai enlarged two diameten. 

All the Qjiiros are natural size, except tc, i and C, and all aie copied from photo- 
graphs, except la and Ic. 
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TopooRAPtiicAL Map of thb New Havbk kboion. 

Eji^natiima. — A, AUinfrtown village. B, Beacon Hill Bh, Besver Hills. Ch, Chei> 
r; Hill. K, EnsC Rock raiifKi ooomBting of ICnst Rock proper to the northwest, lodisn 
Head, and then Snake Roek. Ed, Kdgowood, tlie estate of Doniild 0. Mitchell, 
Esq. F, Fort Hule F, Ferry Point, or Red Rock, on the Quinnipiac near its mouth. 
J, JudgPB' Cave, on the West Rook ridjre. L, Lifcht House. M, Mill Rock. M P, 
Malthj Park, onlf ttireo or Che proposed lakes of which are constructed. 0, Oyster 
PolnL P, Pine Rock. Rd, Round HilL Rt, Rabbit or Peter's Rook. Sm, Sachem's 
ridge, T, Turnpike; also Tomlinsou's bridge, across Uie head of New Haven bay. Y, 
the village of Whitneyrille. W, West Rock, tlie south end of West Rock ridge. WC, 
West Cape, or West Haven Point Wh, Whitney Peak. WL, Wbtergreen I^e, 
just nOTth of Wintergreeu Falls. Wn, Warner's Rock, 

frm, Beaver Pond Ucadows: m, Uineral Spring, southeast of North Raven; «', a', 
n* R*, diOerent notches in Che West Rock rid^ ; n<, n^, the upper and lower Bethany 
Notches; n', the Hamden Notch; n*, Winlergroen Notch. The names of the towns 
ORANGF-, WOODBRIDGE, BETHANV show the course of the Woodbridge plateau ; 
end fVom W in the word Westville to Savin Rock is Uie oourse of the Edgewood series 
of hUlfl, tlie eastern border of the platcnu. 

Boale 4-lOths of an inch to the nule. 
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II. On thb Geology op the New Haveh Region, with special 

BEFBRENCE TO THE ObIOIM OP SOME OP TTS TOPOGRAPHICAL Fba- 

TURES. Bt James D. Dana, 

VVta A KAP. 

1. Tbb New Haten aboioh. 
EiTBEB aide of New Haven bay, — an indentation of the coast about 
four miles in depth, — there is a north-and-south range of hills, the 
trap and sandstone ridges of East Haven and North Haven on the east, 
and the eastern portion of the Woodbridge plateau on the west ; and 
these make the eastern and western boundaries of the New Haven 
re^on. Their height, which is greatest to the north, probably nowhere 
exceeds 600 feet. The width of the region varies from about four 
miles on the south to seven on the north, and the whole length from 
the Sound to Mt. Cannel — its true northern topographical limit — is 
twelve miles. The northern half of the region is divided longitudi- 
nally by two lines of ridges : (1) the long West Rock trap ridge near 
the western side, four hundred feet and upward in height ; and (2), 
nearly midway in the area east of West Rock, the short isolated East 
Rock (E) range of trap and sandstoue,and the continuation of this range 
northward to Mt. Carmel in the low Quinnipiac sandstone ridge which 
divides the waters of Mill River and the Quinnipiae. The New 
Haven region hence consists in its northern half of three subordinate 
north-and-sonth regions; (1) a narrow valley west of West Rock, 
drained by West River; {2} a broad central plain (the Hamdcn plain), 
continuous with the New Haven plain, rising into hills to the north- 
ward, and drained along the east side by Mill river ; and (3) a wide 
eastern portion occupied by the river-course and the extensive meadow 
lands of the Quinnipiac, in other words, the wide valley of the Quin- 
nipiac. Soath of East Rock, the central New Haven plain blends with 
that of the Quinnipiac. The West Rock ridge to the north throws 
off a branch on the east which curves around to Mt. Cannel and forms 
the northern boundary of the central of the three subordinate regions. 
This central regiorfis partly subdivided across, on a line, nearly, with 
West and East Rocks, by two short trap ridges ; Pine Rock, (P) a third 
of a mile from West Rock, and Mill Rock, (M) which adjoins East Rock ; 
the width of the interval between the two is nearly a mile. Mill 
River passes through a deep cut in the Mill Rock ridge, at the vil- 
lage of Whitneyvilla A clear idea of the topography of the region 
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4fl J. D. Dana on the origin of some of the 

is necesBary in order to an appreciation of the observations that 
follow. 

a. 0BNJ3UL C0UB88 OF QSOtOOICAL BTEHTS BEFORE THE Poer-TEBTURT EBA. 

One of the last events of the Paleozoic ages was the formation of 
the Connecticut River valley, by the bending of the earth's crust ; 
and this took place as a sequel to, or In conncctioD with, the crystalli- 
zation of the granite, gneiss, crystalline schists, and other similar rocka, 
which make the bottom of the valley. 

The first fact of the succeeding ^e, the R«ptilian, of which there ie 
record, is the existence of a Connecticut valley estuary, twenty miles 
or more wide, stretching from New Haven to northern Massachusetts, 
(New Haven being the proper sonthern termination of the valley and 
estuary), and the commencing deposition in this estuary of the Red 
Sandstone formation. The production of this formation is believed to 
have taken the whole of the Triaasic period, the first period of the 
Reptilian age, and also part of the next or Jurassic period. 

After, if not before, the close of the Sandstone era there were emp- 
tiona of trap — a rock that came up melted through wide fissures in the 
sandstone and subjacent rocka East and West Rock, Pine Rock, 
Mill Rock, Mt. Carmel, the Meriden Hills, are ridges of trap along 
with what remains of the old sandstone walls. The sandstone in the 
vicinity of the dikes, or near any fissui'es, through which heat and 
vapor escaped, was more or less hardened by the beat, and rendered 
comparatively durable ; while other portions were left unhardened 
or but little so, and therefore in a state admitting of easy erosion and 
removal Cotemporaneously with the ejections of trap, veins of cop- 
per were made, as those of Bristol, Simsbnry, Cheshire, etc ; and 
veins of barytes, as those of Cheshire. 

The thickness of the sandstone formation in the New Haven re^on 
Is not yet ascertained; in Massachusetts, it is according to the lowest 
estimate three or four thousand feet. There is abundant evidence 
that its beds once covered the top of East Rock, now 360 feet in alti- 
tude, and if so it reached upward to a level which is now at least 400 
feet above the sea. Many of the trap ridges to the north in the 
Connecticut valley were also once topped with sandstone, althongh 
much higher than East Rock. West Rock has a height of 400 feet, 
and the West Rock ridge, between Hamden and Woodbridge, over 
600 feet; Mount Carmel about 600 feet; Middletown mountain is 
899 feet high ; West Peak, the western summit of the Meriden Hang- 
ing Hills, 996 feet; Mount Holyoke 985 feet, but the highest point of 
the Holyoke ridge, a little farther to the east, 1128 feet; and Mount 
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Tom, 1211 feet. (The last four altitudes arc from Prof. Guyot's 
measarements.) Althoagh the precise oiiginal elevation of the sand- 
stone about these heights is not certain, there is no doubt oi the great 
increase of height to the north,* This however was not one of the 
original conditions of the rock, for the beds were made in one com- 
tooD estuary aid nearly to a oommon level. It has resulted from an 
uplift which affected the inteiior of New England more than its south- 
ern borderB ; and the trap also owes much of its greater height to 
the north to the same uplift. 

The sandstone mass intersected by dikes of trap constituted the 
block out of whicli the future New Haven region was to be carved by 
various denuding forces. The hard dikes of trap, and the distribution 
of the hardened sandstone among those feebly hardened, had great 
influence in guiding the modeling agencies and determining the 
future features of the country. 

At the time of the eruptions, or soon after, the land before submer- 
ged rose above the level of the waters ; rivers took size and direction 
according to the slopes ; the eatuary dwindled into the Connecticut ; 
and the Connecticut, finding in its way the trap dikes of Weathers- 
field, Berlin and Meriden, and also elevations of sandstone, took a 
route, in the latitude of these hills, to the eastward. So the river 
was lost to New Haven.* Other changes in the old hydrographic ba- 
sin of the Connecticut valley have taken place since the throwing up of 
the trap dikes, and part of the following may date from that event. 
Farmington river, which in TriMsic times flowed into the estuary Irom 
the western heights of Massachusetts and Dorthem Connecticut, still 
enters the Farmington region ; but near Farmington it turns abruptly 
north, flows in that direction sixteen miles, at the foot of Talcott moun- 
tain and other trap hills of the range, then makes a cut through the 
range into the Connecticut river valley and joins that river. The 
Quinnipiac, wliich starts in the Farmington valley just below the 
northward bend of the Farmington river, on approaching the region 
of the trap hills of Cheshire bends eastward out of the valley in front 
of the Hanging Hills of Meriden, into the valley where the Connec- 
ticut river might have had its course but for the trap eruptions and 
disturbances; and finally, the Farmington valley being thus deserted 
by the Quinnipiac, Mill river at this point commences its fiow, taking 
its rise in the adjoining hills,' and becomes the principal stream for 
the rest of the valley southward to New Haven bay. 
During the Cretaceous period clo^g the Reptilian age, and the 

■ Tlila riew was brought out by the WTi,^r in Ward's Life of Percival, p. 430. 
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Tertiary period which opened the Mammalian age, no marine fonna- 
tioDS were here made ; and there is hence no proof that in the long 
interval between the origin of the trap dikes and the Glacial epoch, the 
land of the region, or of any part of c«ntral New England, was at any 
time under the eea. Whatever the iaxX, there must have been, daring 
the time that elapsed, a large amount of denudation over the regioo; 
so that West Rock, Pine Kock, Mill Rock and East Rock finally be- 
came prominent above the plain, although much less so than now. 

3. GBKBRAL aRARACTBB iSB RESULTS OF TBE POST-TBItTUaT PBBIOD. 

Next came the Post-tertiary period, the last in Geological history. 
In order to understand the following remarks it is necessary to bear in 
mind that the Post-tertiary in America, as the vmter has elsewhere 
shown,* included three eras, corresponding to three great changes 
of level over the northern portion of the Continent. 

I. The Qlaeiol epoch ; when the land stood at a higher level thui 
now, and a universal glacier and a frigid climate covered the continent 
north of the parallel of 40°, (not a sea with icebergs, as facts about 
New Haven demonstrate.) 2. The CAiimpfc/m epoch, an era of subsi- 
dence ; when there was a sinking of the land below its present level, 
resulting in a mild climate and a melting of the great glacier ; sub- 
merging beneath the sea the land along the coast, and giving great 
extent to lakes and rivers. 3. An epoch of elevation; bringing the 
land up to its present level, and raising the submerged sea-shore and 
river flats to a habitable and cultivable height, thus making them 
available for man. The movements were up— down — up ; up for the 
Glacial era, down for the era following, and uf> ^ain for the third or 
finishing era. The origin of the features of the New Haven region 
cannot be understood without keeping constantly in view theec three 
great movements of the laud. In the first of these eras this region 
stood probably one or two hundred feet above the level of the sea; in 
the sycond sixty-five teet or more, and afterward forty and less, below 
the present level ; and in the third it passed gradually to its present 
condition. 

With reference to the question whether icebergs may not have been 
the agent in the glacial era instead of glaciers, a single argument only 
need here be brought forward. Icebergs, as is well known, are frag- 
ments of glaciers broken off in the sea into which they descend ; and 
the freight of stones and gravel they bear was received mainly when 
they were in the glacier condition. The boulders of the Connecticut 

* Am. Jour. 8d., II, xiil, 326, 346, 1868, and Manual of Geoti^. 
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valley if brought by icebergs, should hence have come from the White 
Mountains, or perhaps from some Green Mountain peak, for these would 
have been the only Eummits above the water in a sea covering the 
valley to a depth of four thousand or more feet (the depth that the 
distribation of boulders requires). But, on the contrary, the boulders 
of the Xew Haven region, 1000 tons and smaller in size, are mainly 
from the trap and sandstone hills of the valley itself^ either in Con- 
necticut or Massachusetts, and the adjoining plateau of gneiss, etc ; 
they are from the depths of the imagined sea, and not from the 
heights above it. Icebergs could not therefore have done the work of 
transportation. In the Glacial era, then, all New England and, prob- 
ably, the whole northern portion of the continent, was covered with 
ice. It is well known that the Glacier theory is sustained by the ex- 
plorers of the Alps, Professors Agassiz and Guyot,* 

4. CoHDmoN AKD EFrsm Dusma ma Glacial bra. 
The Connecticut valley glacier lay under the general glacier-blanket 
of the continent, or rather was a part of the lower portion of it. It 
extended from the summits of the Green Mountains on the west to the 
dividing height of land on the east, having a width of 1 00 to 120 miles; 
it was therefore sufficiently large to have almost entirely an independ- 
ent motion, determined by the slope of the valley ; which would make 
the prevailing direction of movement southward, or mostly between 
south and 12' west of south. 

' The direction, according to Prof. Hitchcock, of the scratches on 
Ml Monadnoc in Xew Hampshire, which extend even over its sum- 
mit 3,718 feet in altitude, is southward; and the same authority 
gives this as the course in Deerfield, Greenfield and other places in 
the Connecticut valley, as well as on Mt. Tom and Mt. Holyoke. It 
b the coarse also in one of the gorges of Alt. Carmel. East of the 
Hanging Hills of Meriden it is south-southwest, and Percival at- 
tributes the unusual amount of westing to the trend of the adjoining 

* Dr. Newbeny, in an eioellent paper on the SurTace Geotog; of the Great Lakes 
and tbe Valley of the Hissiaappi (Ann. Ljc. N. York, ix, 1869), Bustains the glacier 
theoiy of the drift for Uie oountry, but gives reasona for making part of the area of 
the Qreat Lakea so ie«b«rg region in the closing QIacial era. The author presents 
many other points of interest ■wiQt regard to the auccessiTe eventa of the QIacial and 
Champlain eras, and in the course of bie remarks, obaerres that there could hare been 
no true lateral moraines. He makes the depoaitiona of diift over the hills and the 
alretifled material of the valleys and plains essentiall; cotemporaneous, regarding them 
u having resulted partly from iceberg transportation, and partly from distributioa by 
vatera flowing away from the margin of the ice, or from beneath it, as it alowtj melted. 

TRura. CoBMBcnouT ACjU>., Tol. n. S Sept., 1869. 



by Google 



60 J. D. Dana on the origin of some of the 

trap hills. Some deviation from the general couree would take place 
wherever there are high ridges or deep valleys varying in direction 
but little from the m^ course of the movement, jnat as a deep 
trough in the bottom of a stream of water set a little obliquely to 
the current would deflect the waters and give them more or less 
nearly its own course ;• and this is what Percival observed in the val- 
ley between the Hanging Hills of Meriden and Lamentation Mountain. 
In East Haven, on the eastern border of the New Haven region, the 
direction is S. l^" E. The facta sustain the conclusion that the gene- 
ral course was that of the Connecticut river valley. To the westward 
of the central portion of the valley, over the eastern Green Moantain 
slope, the general course, as various observers have shown, is to the 
east of south, or about aovtli-touthecut, which is a natural resultant of 
the two forces — that producing the main southerly movement, and 
that arising from the eastward, or E, by S. slope of the surface. 

As the slope southward was very small compared with that in the 
Alps, the motion was much slower — probably not exceeding a mile in 
a century, which is equivalent to about a foot a week. Tbe move- 
ment was not continuous at this rate, but by starts, at longer or short- 
er intervals — weeks, months or years — as the resistance could be over- 
come. Having a thickness to the north of more than four thousand 
feet, the pressure it exerted wherever its lower surface rested was 
enormous, and when it did move the abrasion was commensurate with 
it. It was not, like an Alpine glacier, confined between the sloping 
sides of a valley, the declivities of which aided largely in its support, 
and so relieved the bottom partly from pressure ; it lay spread out 
over the plains and hills resting heavily upon the most of the surgtce 
beneath it. 

The movement produced three results, as has been well illustrated 
by the principal aathorities with regard to glaciers. First, a break- 
ing of the brittle ice wherever there was friction, resulting in opening 
immense crevasses where the resistance was great {for the gla- 
cier owes its power of movement to the facility with which it breaks 
and mends itself); secondly, the abrasion of the rocks beneath, re- 
sulting in a ploughing out of the soft half-hardened sandstone to 

* In the case of iargc oontinoatttl valleys, the glacier followed the course of the val- 
ley even when thia course was east-and-woat, as is Bhown bj the author Ki haTs been 
tnie of the Mohawk valley, in hia Geology (p. 15 1), and in the American Journal of 
Sdenoe, [2], voL ixiv, p. 243, and by Dr. Newberry, with reference to other regions, 
in the paper referred to on the preceding page. 
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great depths,* and less deeply the harder rocks, and in diBtodging masa- 
es rrom the dikes and other rock formations which had been previously 
loosened in any way, the masses sometimes many tooB in weight ; third- 
ly, the taking up of the saud or gravel, stones and rocks, thus separated 
or dislodged, into its own mass, which it was enabled to do because of 
the attendant breaking up of the ice just alluded to, and the readi- 
ness with which ice becomes solid again by regelation after a short 
rest Thus the glacier moved slowly on, engorging itself with what- 
ever loose material it maile, as well as with what it found in its path. 
The glacier was made ready for its great work of abrasion e'thcr in 
the way of rasping, planing, channeling or ploughing through the 
sand, stones and rocks with which it was shod. The hard granite 
rocks east of New Haven, as is exhibited at Stoney Creek, were mark- 
ed by the glacier not only with scratches but with broad furrows six 
inches to a foot in depth ; and this in addition to an unknown amount 
of planing above the present surC^ce. The soft red sandstone of the 
region easily yielded under the pressure, and was grouud up and 
ploughed out in some places to a depth of several hundred feet, the 
material being absorbed at the same time into the icy mass. Hills 
and ridges lost much of their height, and those of trap were exten- 
uvely stripped of their associated sandstone. The isolated East Rock, 
lying north and sonth, or in the direction of the movement, between 
the Mill River valley and that of the Quinnipiao, was abraded both 
along its western front and on the rear, and left nearly bare of sand- 
stone on both sides, fine Rook, an east and west ridge, besides un- 
dergoing an unknown amount of decapitation, lost the sandstone on 
its northern nde for the upper sixty feet, and a wall of trap of this 
height is left bare. Mill Rock suffered a like fate with Pine Rock; 
for the north wall of the trap dike projects in places twenty or twen- 
ty-five feet above the sandstone. . Whitney Peak is in like manner 
bare of sandstone on its north side for forty feet from the summit. 
At the Fur Haven sandstone quai-ries and over the country near the 

* WMe thia aandataie ia hard enough Tor an excellent building stone in eome por- 
tions of the Gonuectiout valley, and often very bard-baked in the vidui^ of the trap 
dikes, a lar^ portion of that exposed to view over the Kew Haven region a little 
remote Ctora the trap ia so soft that it is easily dog up by a pick, and sometimes eren 
by an ordutary shovel ; so that we have reason for regarding the strata of it underly- 
ing the most of the New Haven plain, or its aQuTJnm, as of this solt kind. Part at 
least of the hardening and reddenii^ of the sandstone was evidently due, as stated 
above, to the heat that escapod in connectioQ wiUi the trap eraptions end from Bsaures 
opened in t^ii vicini^; and m regions where there was no heat trma these sources 
the rock was but little hardened. 
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Milford tumpike, the removal of the soil in several places has ex- 
posed large Burfaces that were planed and grooved by the glacier ; 
and there is no doubt that but for the covering of earth the rocks in 
all directions would be found glacier-marked. 

The stones, or boulders, in the foot of the glacier, that were scratch- 
ed and poliftbed while doing this work of abrasion, are often to be 
found where the drift of the hills has been &eehly uncovered. One of 
four tons weight lies on the roadside along the Milford turnpike, a 
few rods above AUingtown ; and many others of smaller taze have 
been thrown out at the recent excavation for the Derby rulroad, near 
the toll-gate on the same road. 

By the means mentioned an immense amount of rock material was 
taken aboard the glacier for transportation southward; and yet there 
were no lateral morainet in the ordinary sense of this expression. 
The Ki£rfiice of the Conneoticnt vaUey glacier was white and spotless. 
From the Green Mountain ridge to the White Mountains of New 
Hampshire there was not a projecting peak to afford a grain of dust. 

The special effects of the glacier over the New Haven region inclu- 
ded the making (a) of hills, and (A) of valleys or excavations. 

First — It» Excaaationa. — The excavations would naturally have 
been most extensive where there was do trap or other hard rock in 
the way to prevent deep ploughing. The valleys of the Quinnipiac 
and West River beyond donbt date their origin long back of the Gla- 
cial era, from the time the trap and sandstone ridges which bound 
them were first thrown up above the level of the sea ; but still they must 
have been scoured out by the moving ice, and have had their depth 
and width much increased. Whether the work of the ice or not 
is uncertain ; yet it is a fact that the whole western side of the West 
river valley is stripped clean of the sandstone which once existed 
there, and which was a part of the formation that originally stretched 
across to the top of the West Kock ridge ; not a square yard of 
sandstone is left in place over the metamorphic rocks of its western 
slope. The close shaving of the sandstone on the east side of East 
Bock, and its still more complete removal on the west aide, have been 
already alluded to as probably part of the effects of the glacier, Be- 
ddes the excavations in these valleys, others very extenmve must 
have been made over the whole central part of the New Haven region, 
&om its southern limits to the mountains on its northern border in 
Hamden; for this was the great central valley of the region. 

Among the depressions over this region, the most remarkable is that 
of the Beaver Pond Meadotca (bm, in the map). It is a large marshy 
area sunk 20 feet below the general surface, lying in the center of the 
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Kew Haveo plane, between the trap hills, Pine Rock and Mill Rock.* 
It crosses the borders of the towns of N'ew Haven and Hamden, and 
has a length from north to south of 1^ miles, and an average breadth 
in its Bouthern half of a fourth of a mile. The basin receives almost 
DO outside water, and yet gives exit to a stream which in its descent 
of 22 feet to West river affords water power to two or three manufac- 
turing establishments. In its wide and dat meadows, and its high slo- 
ping bank of 20 to 30 feet, looking like the terrace slope of the river val- 
leys, it appears as if it were once the course of a large stream ; yet It 
not only receives no water at its head, but not even an old dried up 
channel ; moreover the outcrops of sandstone less than a mile to the 
north afford no evidence of the former existence of such a channel 
leading toward the Meadows. This absence of proof that any river 
ever discharged itself through the depression is part of the evidence 
that its excavation was the work of the glacier, as explained beyond. 

If the Beaver Pond depression was excavated by the glacier, we 
should naturally look for a continuation of the channel southward to the 
New Haven bay. This channel was probably that of the old lte«( 
Creek — a valley with similar broad meadows and distinct terrace 
slopes, terminating in the northwest angle of New Haven bay.f Al- 
though now nearly dry throughout and covered by streets and houses, 
two and a half centuries since it was targe and deep enough to give 
entrance to Whiting street for vessels of considerable size, and as far 
as College street for boats. The connection between the Beaver Pond 
meadows is cut off by the alluvium — a deposit of the era following 
the Glacial ; but a series of large and once deep depressions lies be- 
tween them and both are in nearly the game north-andsouth line. 

There are also two other broad valley like depressions lea<ling off 

* Owing to a defect in the engraviug, the position of only the southern part of the 
Beaver Pood baan (&m) ia given on the map. The dotted ouUine should have been 
eitended northward, by the eiiBt end of Pine Rock (P.). 

t KaBt and West Creeks, as thejr are ni.w obliterated channels, are not on the map. 
They may be put on, with a lead pencil : for East Vreek, by drawing a line ftom a point 
iuBt east of the southern end of the Bearer Pond depression {bm) e^'ttward to the Ce- 
Dal road, then along the course of this road southward, and thence lo the head of the 
New Haven bay west of its oent-r; and for West Greek, by starting the line a little 
treat of south of the extremity of the Beaver Pond basin and continuing it U> the north- 
weal angle of the bay. Kach was about li ra. long ; yet for half s mile the channel in 
botli cases waa a broad tidal inlet. The city of New Haven was ori^ally laid out at 
the head of the bay, hetaoen those two creelis, the west side of its half inile sguara 
(Qeorgo street) against the Weal Creek valley, and the eoutli and cast sides (State and 
Gtove streeta) near East Creek. 



by Google 



54 J. I>. Dana on the origin of tome of the 

^m near the aonthem extremity of the Beaver Pond basin, bnt to the 
eaeheard. One passes near Webster street, and the other by Munson 
street, and the two unite in the valley of the former £!ritt Creaky 
now occupied by the Canal Railroad. They are evidently contin- 
uations of the Beaver Pond depression, and it may be questioned 
whether these were not also courses of the Beaver Pond glacier 
excavation. But although broad, they are comparatively shallow 
and have gently doping sides; and the coarse of each is east-and- 
west, or transverse to that of the gUtcier movement. We conclude 
therefore that they were probably a result of the tidal currents and 
waves of tlie following or Champlain epoch, and of the later action 
of surface waters. It is to be remembered that the glacier made 
its excavations in the strata underlying the supei-ficial alluvium. 

We should naturally look also for a northern continuation of 
the Beaver Pond depression. But we have already stated that 
the appearances at its northern extremity indicate its rather abrupt 
conunencement at that point. Half a mile to the eastward of the 
depression, and as far south of its northern end, there is a broad 
channel leading northward which is the course of what is called on 
the map Pine Marsh Creek; and the question comes up whether 
this was not the northern part of the Beaver Pond depression, and 
therefore whether Mill river did not once dischai^e its waters through 
it and thence enter the bay by West Creek valley. The southwest- 
ern part or extremity of this great depression (situated near the 
junction of Goodrich street and the Canal railroad and close by the 
present terminus of the Shelton Avenue railroad), reaches within 300 
yards of two broad northeasterly channels leading down into the east- 
em bays of the Beaver Pond basin. The valley is so broad, and so 
abrupt in the slopes which bound it, that it appears as if large enough 
to be the course of a river. Through its now sluggish waters, .clumps 
of bushes rise in most parts from the shallow bottom.* 

These facts seem to favor the conclusion that we have here actually 
found the northern continuation of the Beaver Pond channel. But the 
■valley widens northward instead of toward the Beaver Pond depres- 
sion, and the creek flows at the present time in that direction, start- 
ing just south of Mill Rock and entering Mill River 1^ miles north 
of Whltneyville (V.) Another view with regard to it we regard as 
much more probable. 

* ' Owing to t}t« iam at WhitneTville, the water or Uill River ie not only set bade 
for two miles sod mora up the voUey, but also flows back into Pine Marah Creek val- 
lev for nore Hun a mile, to witUn a short dislanoe of Mill Sodc (See Map.) 
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At the mouth of Pine-Marsh Creek, MDI liiver tftkea a bend a little 
to the ea«hea/rd of soath, while the creek has a conrse as much to the 
teeetioard of south, aud Milt Rock etaude between the extremities of 
the V thus made by the two channels. In this poBition of Mill Rock, 
we find the explanation of the facts referred to. 

The great glacier having had its ploughing under-surface shaped by 
the gap west of Mt. Carmel, through which Mill River passes, moved 
southward, excavatrng the valley of Mill River, while, at the same 
time, abrading the soft strata over the hills and plains. The Mill 
Rock dike, making now a ridge 200 feet in height, stood in its path, 
the brittle ice confronting the unyielding trap mon at ain. Under such 
circumstanced, it would have been a natural consequence that at some 
point north, the brittle ploughshare should have divided, the smaller 
part to pass toward the Whitney ville opening, by the east end of Mill 
Rock, and make a shallow liuTOw because of the hard trap rook under 
foot at the gap ; the larger part, encountering only the soft sandstone, 
to plough out the deep broad valley of Pine-Marsh Creek, leading by 
the west end of Mill Rock and almost directly toward the Beaver 
Pond region. 

The question arises whether the excavation was continued into the 
Beaver Pond basin and thence southward to the bay, or whether 
there .was a lifting of the ploughing portion of the glacier through 
the elevating action of Mill Rock and merely a transfer of the exca- 
vating pressure to a line more to the westward — the process of trans- 
fer producing the six or eight bays characterizing the eastern side of 
the Beaver Pond depression and the broad southwesterly surface 
channels which lead into them. In the former case. Mill River would 
have run through the Beaver Pond excavation and West Creek; in the 
latter, the waters of Pine-Marsh Creek would always have been trib- 
utary to Mill River in its present position ; for in the Glacial era they 
would hare been those of a sub-glacier stream, and these would have 
become far more abundant in flow during the melting of the glacier, 
and thus have made a stream commensurate with the Pine-Marsh 
Creek valley. 

There are three objections to the view that Mill River once dis- 
charged itself through the Beaver Pond Meadows. (J.) The Beaver 
Pond depression is prolonged half a mile north of the point where the 
Rne-Marsh valley makes its nearest approach to it, and this northern 
extremity does not bend toward the valley or show any inclination 
that way. There is here evidencfl that the Beaver Pond excavation 
had its own independent beginning. 
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(2.) If Mill River once flowed through the Beaver Ponds and thence 
through West Creek to the bay, the force of its waters would have 
continued to keep this channel open, and West Creek would not have 
been disjoined from the part above, 

(3.) If, during the Glacial era. Mill River had had no channel through 
the Whitneyville gap, it could hardly have afterward gained a foot- 
hold there where the alluvium has a height of 60 feet or more above 
mean tide level 

There is hence not only no proof of a former connection between 
Pine-Marsh valley and the Beaver Pond depression, but strong rea- 
son against it in the condition and character of Mill river aDd Its 
present channel. 

Secondly — Tlie Ekvationa, or HiUt and Jiidffes made by the Glacier, 
Besides extensive excavations, there are also elevations which were 
due to the glacier. They were a consequence mainly of the internipt- 
ed series of trap ridges in its way. The hard trap-rock dikes, Mil! Kock 
and East Rock, were fenders both to the sandstone lying on their north- 
em side, and also that on the southern, and especially to the latter. 
The glacier, moving from the north and approaching Pine Rock, would 
have had its under surface forced up into an arch by the resisting mass, 
and the ice thus shaped would have been made firm and solid by the 
pressure; and as such an arching of the ice below is an arching of the 
abrading surface of the glacier, an elevation of sandstone correspond- 
ing to it should have been left by the glacier on its southward march. 
An elevation was thut left south of Pine Rock — that of the liecver 
ITUU {Bh.) The Hills are now disjoined from the Rock because of 
erosion (a) by the waters and ice that descended the slope during the 
declining Glacial era ; (&) by the waves and marine currents of the 
subsequent period of submergence in the sea ; (c) by streamlets down 
the declivities due to the rains and melting snows of later time when 
the land was elevated to its present level — an era of greater elevation 
or emergence. It was the eastern abutment of this great Pine-Rock 
arch that scooped out the Beaver Pond basin. 

In the same manner the narrow north-and-south Sachem's ridge 
{Sm,) a mile and ^ half in length, was evidently made through the 
lifting action of Mill Rock. Similarly also, the small Cedar Hill, south 
of East Rock, owes its existence, apparently, to the arch made by the 
East Rock range ; it is smaU because the East Rock range has a north- 
and-south direction, or lies with its end toward the moving glacier ; 
and also because the ice of the wide Quiimipiac valley wouhl have 
pressed westward as it escaped the limits of the valley and passed 
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the southern extremit j of the Rock, and so have swept away the Band- 
stone there remaitung. 

The great glacier did not succeed in ploughing out the Mill Rock 
dike at the Whitneyrille notch below the level of the bottom of the 
present dam, for the dam is built on the solid trap dike. The ice must 
therefore have plunged down the front of it (the land having been 
higher than now), and with it the sub-glacial stream descended. 
South of this it appears to have made a deep Mill River channel. 

The glacier acted like the moulding tool in the plough of the car- 
penter.. But the convexities and concavities on the cutting or abrading 
edge of the tool were not needed in the pliant material ; for bj the 
fenders placed in its front, in Pine Rock, Mill Rock, and East Rock, the 
edge was made in these parts to rise or arch upward, and by this 
means long ridges of various heights were made beween the furrows. 
The correspondence between the channeling of the plain and the 
position of the trap ridgea is bo close (cBpecially if it is considered 
to what an extent subsequent river and marine action most have 
tended to modify the features of the surface and obliterate the tracks 
of the glacier) that there seems to be here vieible demonstration of 
glacier action, and of the insuSiciency of the iceberg theory of the 
drift. 

If Sachem's ridge, the Beaver Hills and Pine Hill were the only 
examples of north-and-south sandstone elevations due to har<l-rock 
fenders, the correctness of the explanation offered might be reasona- 
bly qnestioned. But they are the least remarkable instances. Over 
Hamden there are three north-and-south ranges three to four miles long, 
asexhibited on the map, and they may be distinctly followed northward 
to elevations in the transverse range of heights west of Mt. CanneL 
Cherry Hill (Ch) is the termination of one of these lines, A still 
more striking example is the Quinnipiac ridge, the dividing ridge be- 
tween Mill River valley and the Quinnipiac, It stretches from the 
south side of Mt. Oarmel to Whitney Peak, a distance of Btx miles, 
and while broad and broken into hills to the north,, ia to the south 
an evenly rounded elevation, looking from the summit of Mt. 
Carmel like a splendid example of landscape grading. According 
to the theory presented, this long ridge of sandstone owes its ex- 
istence to the arching upward of the ice by the high east-and-west Mt. 
Carmel range, the ridge being a part of the ^reat sandstone formation 
left thus elevated in consequence of this arching. The arch, although 
narrowing somewhat, did not flatten out before reaching Whitney 
Peak, aa the continnation of the ridge shows ; and here it was raised 
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into a new arch by this dike, losing in the encounter the red sandstone 
from the back (or north eide) of ita head, down nearly one-third wa^r 
to its base. Either side of thifl dividing ridge the glacier, besides 
abrading the general surface of the sandstone formation and thereby 
preparing the rocky basement for the alluvial plains, was ploughing 
out the river channels adjoining — that of the small Mill River on 
the west, and that of the broad Quinnipiac on the east. It is a strong 
confirmation of the view brought forward that the direction of the 
Quinnipiac ridge, (as well as that of Sachem's ridge,) is S. 12° W. (true 
course), thus coinciding with the average direction of the Connecti- 
cut valley, and therefore with that oj" the movement in the glacier. 

The largest of the valleys in the Hamden portion of the New Ha- 
ven region lies along side of the West Rock ridge, where the erosion 
of the glacier, and of the waters flowing from them would have been 
greatest in consequence of the height of the rock and its slopes, 
and where, moreover, erosion from running waters has been going on 
ever since from the streamlets that the rains and melting snows have 
made over the long declivities. In this valley lie Wintergreen Lake 
(due to a recent damming of one of the streams), and farther north 
the sites of other " contemplated" lakes. 

This western part of Ilamden is drained by Wilmot brook with its 
tributaries, which flows through the gap between Pine Rock and 
West Rock and soon after enters West River, The northern portion 
of the brook, which lies among the sandstone ridges, points southward 
nearly toward the northern extremity of the Beaver Pond depression, 
and approaches it within two-thirds of a mile. It might therefore be 
queried whether Pine Rock had any effect toward dividing the excava- 
ting action of the glacier on the north, like that from Mill Rock above 
described. But there js this great difference in the two cases, that the 
gap between Pine Rock and West Rock is very much broader than 
the Whitney ville gap, being about a quarter of a mile across, and be- 
sides there is no continuous pavement of trap at bottom. Moreover 
Pine Rock has an oblique position with reference to West Rock, its 
direction being E. 20° N, true course, (about K 13' N., compass 
course,) and owing to the convergence of these two ridges and the 
broad opening intermediate, and also to the S. 12° W. direction of the 
glacier movement, the principal part of the excavating portion of the 
glacier would naturally have passed between them, where Wilmot 
brook has its actual course. 

Looking beyoud the limits of the New Haven region, still other 
examples of this n<n:th-and-south ridging of the soft sandstone occur. 
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SoQtb of the H&Dging Hilla of Meriden an elevation commences which 
stretches southward to Mt. Canuel, showing that the ice was arch- 
ed up by the Meriden moantains, and the arch continued to Mt. Car- 
meL And here, as just observed, it was thrown anew into a high 
arch for the ridging and ploughing southward, in the coume of which 
the Qainnipiac ridge was formed; then it was raised by Whitney 
Peak again, and its continuation Eaat Rock; and finally it died 
out as it left the region of Cedar ITill south of the East Rock range. 

Besides the large ridges and excavations made by the glacier, the 
ledges over the hills are often approximately north-and-south in course, 
and were probably a result of glacier ploughing. The chlorite schist 
of the Woodbridge plateau is easily torn up in consequence of its 
slaty stmcture and its joints or lines of fracture, and also readily 
reduced to fragments by the freezing of water or growing of veg- 
etation in the crevices. A large trap dike, intersecting this rock 
on the Woodbridge heights west of Westville, often stands up above 
the schist, as a promiuent ridge, which sometimes has on one side or 
the other a bare precipice ot forty feet. But much of this wear is 
nndoubtedly the work of subsequent centuries. 

Without adducing other cases, it appears safe to conclude that 
over the region of the Connecticut valley the principal part of the 
coarse gouging out of the plains, and shaping of the mountains and 
valleys, were performed by glaciers and by the streams thnt were in 
action daring the progressing and declining Glacial era. The same 
agents also carried southward the earth, sand and gravel that were 
afterward to be deposited by the ice, and worked over by the rivers, 
or, near the sea-shore by the rivers, tidal currents and waves, into ter- 
raced "alluvial " plains, or stratified drift fonnations. 

Soraichea having the cowge S. 33° W, — A wide variation from the 
nsual coarse of the glacier scratches (South, to S. 12° W.) occurs over 
the chlorite rock along the Milford turnpike half a mile to a mUe 
west of Allingtown. The place is about two and a half miles 
south of West Rock, and one and a half miles south of the line of 
East Rock. The course (true) of the scratches is qnite uniformly S. 
33° W,, or full 20* weet of the latiai direction ; and they are so deep 
and numerous and so completely free from crossings by scratches in 
any other direction, that S. 33° W. must be viewed as the course of 
the under surface of the glacier over this part of the western margin 
of the New Haven region. The scratches are seen at the top of the 
first ascent on the turnpike, about 130 feet above the sea, (or 90 
above the level of the New Haven plain), and at many other points 
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where the rock has been recently exposed, for half a mile west. The 
ledges that have been long bare have lost their scratches by weather- 
ing ; on this account, and owing also to the covering of soil over other 
parts, ob9er\'ation8 have not yet been extended farther west. The 
following is offered in explanation of this southwestern throw of 
the under portion of the glacier. 

It has been stated on page 46 that the New Haven region, be- 
tween the summits of the ridges confining it on the east and west, 
has a width of teveii miles to the north, and narrows to fow at the 
south. While the mass of the glacier was continuing its southward 
movement, the portion below filling this depression would have had 
to accommodate itself some way to the narrowing limits. This ae- 
commodation might have taken place, through an incre^ng depth 
of t)ie depression southward. But if this was insufficient to meet the 
whole, there would have been a tendency to a thickening upward of 
the glacier and relief would have been obtained from the accumula- 
ting pressure by a lateral escape of the ice. 

There was evidently no yielding or escape on the eaat or Qninni- 
piac side, the side of the broadest and deepest valley, and therefore 
of deepest or of thickest ice ; for the ploughings of the glacier which 
arc exhibited aldhg that side on a grand scale over the East Haven 
sandstone, have the usual southward {S. 13° W.) course. Hence the 
escape, if any where, must have been on the west side; and here It is 
that we find these S. 3a° W. scratches. The place is southwest of 
where the Quinnipiac valley opens on the New Haven plain, and con- 
sequently it is situated just where such an effect from the expansion 
and pushing action of this part of the glacier would be produced. 
Now to the west of the region of these scratches within three-fourths 
of a mile, there is the mther broad valley of Cove river, which ex- 
tends southward and reaches the Sound two and a half miles below ; 
it is parallel nearly with the New Haven region, but has a much 
steeper slope, the descent to the salt water flats being at the average 
rate of about 125 feet in a mile. This slope of the valley would have 
given the ice that fille:! it (the under portion of the glacier, if not the 
whole above) relatively a rapid movement. The overflow from the 
New Haven depression caused by the conditions stated would there- 
fore have naturally taken a course into this valley. The direction of 
the scratches, S, 33° W. accords well with this view. 

Makina of Lako^asins. — The lifting of the lower or abrading sur- 
face of the glacier by hard rooks, which has been shown to have re- 
sulted in the production of the north-and-sonth ridges, and which ap- 
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pears to hare terminated southward the basin of Pine-Marsh Creek, 
might under other circumstances have made basios for lakes. Lake Sal- 
tonstall, four miles east of Kew Haven, probably oves its existence to 
this action. The lake is 3^ miles long and has an average breadth of 
a third of a mile. The basin is scooped out of a very soft, crumbling 
sbaly sandstone, and lies between two bow-ehapcd trap dikes, three- 
fourtbs of a mile apart, whose average trend is north-northeasL Its 
depth is stated at 112 feet; and since its surface is only half a dozen 
feet above high-tide level, the bottom is more than 100 feet below 
that level. At the present outlet the waters flow over solid trap at a 
low cut in the western trap ridge, so that the basin is here ri)ck- bound 
an the south. The stream from the lake (called Stoney River, but 
properly the lower part of Farm River), flows for its last mile be- 
tween granite shores and has in some places a rocky bottom. Thns 
there is a granite as well as a trap barrier between the lake and the 
sea, and the depression it occnpieii is a true basin. We may believe 
therefore that the long narrow basin occupied by the lake is &□ excava- 
tion made in the soft sandstone by the plonghing glacier, and that it 
was not continued to the sea because the ploughshare was lifted out of 
its trench by the hard unyielding rock before it. 

HeigM of the Land in the Glacial era. — With regard to the 
height of this portion of Connecticut above the sea in the Glacial era 
we have as yet few facts for definite conclusions. 

o. In sinking an artesian well on Green st., 120 yards from the 
harbor, a bed of fine clay 14 feet thick was struck at a depth of 140 
feet, or 128 feet below mean tide level. Above this clay there 
were the ordinary sand or gravel deposits of the New Haven plain. 
The clay bed was evidently a mud deposit maile in the harbor as it 
existed immediately before the deposition of the sand; and as the 
sand beds of the New Haven plain date fcom. the era following the 
Glacial, the harbor very probably was that of the Glacial era. If the 
land then stood 125 feet above the present level, the mud bed wonid 
have lain just at the water's surface, like those of the present <lay. 
The evidence as to the level of the land in the Glacial era is uncei^ 
tain ; still it afibrds a presumption that it was at least 126 feet higher 
than now. No clay has hitherto been found in any other part of the 
New Haven plain, 

h. Near Stoney Creek, eleven miles east of New Haven, on Smith's 
Island, one of the " Thimbles," there are two pot holes in the hard 
gneiss rock; one of them is 7^ feet deep, and 3 in diameter, and the 
other 8 feet deep and 10 inches across. They are situated within a 
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few yards of one another upon the coaat, but above high tide leveL 
The large one contained, when recently opened by Mr. Frank Smith, 
its discoverer, many large rounded stones. Another pot hole of less 
depth exists upon Pot Island, about a mile to the soatheast of Smith's 
Island. It b like a bread-trough in shape, and is 4 and 2 feet iii its 
diameters, and 1^ feet deep. Still another, as I am informed, occurs 
on Rogers' Island, one of the wepternmost of the same group. It is 
within reach of the tides and is 4 feet deep and 2 in width. These 
pot holes must have been made by torrents from the land. For the 
existence of such torrents ttie land should have been above its pre- 
sent elevation. We cannot fix positively the era of this higher level, 
but it may have been that of the great glacier, and the torrents, 
sub-glacier streams then existing. 

c The valleys of the streams of Connecticut and even those of 
the north side of Long Island are in general continued over the bot- 
tom of the Sound beneath its waters, apparently excavated for the 
most part out of the sand and mud deposits which constitute it; 
and this fact appears to indicate that the Sound was once dry land — 
a great eastrand-west depression of the surface — into which the streams 
of the adjoining country flowed, and there concentrated their waters 
in a grand central river which received the existing Connecticut a 
few miles before entering the Atlantic, The admirable chart of the 
Sound by the TJ. S. Coast Survey, which is covered with figures in- 
dicating the soundings, enables any one interested in the subject to 
draw the lines of equal depth, and verify this statement.* There 
is nothing in the depth of the Soimd to render the above supposition 
incredible^ An elevation of 100 feet would now lay bare all but a 
fifth of its bottom across from New Haven, and one of 140 feet the 
whole breadth ; and one of 200, would dry it up all the way to the 
line of Xew London, 50 miles east of New Haven. Further, a rise of 
even 50 feet would wholly separate the narrow western portion of the 
Sound from the more eastern by a bare area in the meridian of Marm- 
aroneck and Rye, or 60 miles west of New Haven. Only the broader 
depressions corresponding to the courses of streams are to be looked 
for over the bottom, even with the fullest possible series of sound- 

* It 18 best, in order to exhibit weU on the map the ourve of the deeper and ahal- 
lower parti of the Sound, to draw the lines for each fathom of depth up to S fath- 
oms, and then for ever; two fathoniB, that ia far 10, 12, 14 and so on; and in addition, 
to make the lines for 1, 18 and 24 ratboms much heavier than the others; and to use 
diObrentlj colored inks for the liDeal to S fathoms, 10 to 22, and 24 and beyond; ot 
else give the aieaa 3 to S fathoms, S to 34, and over 24, different shades of oolor. 
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ings. For like all New England, the Sound received vast deposits 
of gravel and sand in the Cbamptain era from the depoeitione of the 
great glacier; and ever since these depositions were made, the riv- 
ers have been carrying in detritus, each year making its lai^e con- 
tributions; the estimate, therefore, that the original surface, as it 
was before the Glacial era, had been covered by all theae deposits 
to au average depth of 50 feet, cannot be excessive. After such a 
process tending to obliterate all depressions, especially over the north- 
ern half of the Sound which has received the most of the detritus, it is 
certainly obvious that better defined river channels than exist are not 
to be expected. 

But the conclusion from the existing channels above suggested has 
at least throe soorcee of donbt — one arising from the present action 
of tidal currents ; a second, from outflowing under currents which oc- 
cur at times in connection with large bays ; and a third, from the con- 
figuration of the rocky basement beneath the mud and sand of the 
bottom of the Sound. 

(1.) Jutting capes, especially if prolonged far out beneath the wa- 
ter, as well as obstructing shoals or reefs, inasmuch as they narrow 
the Sound, give increased velocity to the tidal currents passing by 
them. This cause is sufficient to account for the large deep holes — 30 
to 33 fathoms — opposite Norwalk, where " Eaton's Neck" on the Long 
Island side makes a long projection into the Sound beneath its wa- 
ters, which projection at its* extremity, three miles out (and henoe 
nearly half across this part of the Sound), close along side of the deep 
holes, is within 6 fathoms of the sur^e. Again, near the " Middle 
Ground," south of the mouth of the Housatouic, or of Stratford, a 
laige shoal but 2 feet deep in one part, there are deep holes both off 
ite northern and southern extremities, the former of 20 to £ 1^ fathoms, 
and the latter of 20 to 27 )- fathoms; and they are in part at least an 
obvious consequence of the tidal currents sweeping by. 

Ten miles west of the month of the Connecticut, the Sound com- 
mences to narrow toward its eastern termination, its southern side 
here bending up to the northeastward; moreover shoals made from 
Connecticut river detritus, contraot the breadth on the north. Conse- 
quently, here begin two depressions, and half a dozen miles east, a 
third on the north, which three unite in one broad range of deeper 
water, IB to 33 ^thorns in depth, that continues eastward, and finally 
increases to 50 fathoms as the waters approach the channel, called 
" The Race," by which they leave the Sound and enter the Atlantic 
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(2.) Tbe ov^floieinff nnder-currenU of bays are produced, especially 
when tbe broad opening has a comparatively narrow principal chan- 
nel with other passages, among or over reefs ; and they are etrongeat 
when the waves and currents occasioned by a storm drive heavily to- 
ward and into the bay ; and still more so if a river add iU floods to 
the waters which the storm waves and currents pile up within the 
bay. I do not know of any observations about the bays on the Sound 
tending to show where such under^mrents exist, or what in any par- 
ticular bay is their force or direction; and we are at a loss as to the 
effects to be attributed to this cause. 

(3.) The actual configuration of the rocky eubstratnjQ of the great 
basin in which the waters of the Sound rest is also little understood. 
Long Island has no rocks at sur&ce, or about its points ; and the 
Sound east of Hurl Gate, except quite near its shores, is also without 
any projecting rocks. Some of the pronunent sand-spits of the 
shores, as those of New Haven and Stratford Point, may be traced 
far southward by means of the soundings. But it is not always easy to 
decide whether they hare resulted solely from the detritus of the riv- 
ers to the west of whose months they lie, or whether a rooky base- 
ment has determined the form of the projecting spits. On the 
sand bed off the west point of New Haven harbor there are sur- 
faces of bare rock, giving evidence of a rocky basement. Off 
Stratford Point, west of the mouth of the Housatonic, soundings have 
discovered no such rocks ; and yet it is probable that the form of the 
bottom is here determined by the rocks underneath. On Eatou's 
Point the map says "rocky" at one spot; and the existence of this 
spit may also have been determined by the rooky basement below. 
But even when the spits or projecting Band-bara are proved to cover 
a ridge of rocks, it is not certain that this ridge may not have been a 
result of the excavations of the glacier, and of snb-glacier streams. 

The shoals and deep holes in the vicinity of " Eaton's Neck " are 
directly south of the mouth of Norwalk river, and those about " Mid- 
dle Ground " are south of tbe mouth of the Honsatonic ; and the 
question arises: Were they partly made by the rivers when the land 
was more elevated, or may they have been determined solely by the 
rocky configuration beneath and existing currents t It is apparent 
that without some direct investigations our conclusions can only be 
uncertdn probabilities. 

Tet notwithstanding all the doubts from the above mentioned sour- 
ces, there are so many examples of depressions leading from the bays 
at tbe mouths of rivers over the bottom of the Sound, so many in 
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which the ontfloving auder^orrents of bays appear to be iiiBufficient 
to account for the facts, either because the bay is not of the ehape to 
produce appreciably such an effect, or there is not in the currentf the 
proper accordance with the ebb in direction, that we think the facts 
afford strong evidence in favor of a former elevation of the region — 
an elevation probably not less than IfiO feet In such a case Long 
Island would have been literally the soutbem border of New Eng- 
land, and the universal glacier would have had no great baBin of salt 
water to span in order to reach what is now the Island, aRd deposit 
there the bonlders of Connecticut rocks, some of which, according to 
Prof Mather, are from 500 to 1000 tons in weight.* 

* It ia difficult to explain the facta In detail with regard to the Souod without a map 
at hand. The followiiig obeerratione on the subject are boweTer here added. 

The main course of deep water throu§;h the Sound west of the meridian of QuQrotd 
oommencea near the northern shore of the Sound, off Coscob harbor and Greenwich Cove, 
(near the boundary between Connecticut and New Toric), and Just here enter Bfram, 
lljanua and Turn rivers. From this region it slretohea eaatward, passes the north point 
of the EatoQ Neck spit, leaves " Middle Qroond " to the north (and conaequentlj in this 
part ia aouth of the middle of the Sound), and then continues directly eaatward till it 
shnoat touches the nortii coast oT Long Island (being less than a mile off) in the line of 
Gmlford. At the very end of the deep water ehannel the depth is 18J fathoms; just 
east of it, the depth is 011I7 11^, then 10 and 9 fathoms. But about 6^ mites a little to 
the north of east, about two from the shore of Loi^ Island there is an oblong deep bole, 
18 to 19 fathoms in depth; and i\ miles beyond, in the same direction, commenoea the 
nulheni arm of the great central range of deep water which continuea eastward out 
ef the Sound. The great rouge of deep water, seventy miles long, that commences m 
the weit near Qreenwich, must, as ah^ady observed, owe something of its depth, in its 
nstero portion at least, to its distance t^om the northern shore of the Sound or the 
r^ion of rivers and detritua ; and, again, it may have had its course determined origi- 
ailly by an east-and-west depresdou in the conflguration of the basement rocks of the 
Sound. Still it affords some reason for believing that it once contained the cbaonel of 
a gjeat river. It bef^s agunst the north ahore near Qreenwich, just where three 
streams enter the Sound, as if a continuation of their united channels. Its depth at its 
eastern extremity, and its abrupt termination there, are reaaona for ittferring that it 
oDoe conUnued still farther east, and was probably kept c^n by a flow of water 
thiough it If the land were formerly higher by ICO feet, aa has been supposed, the re- 
quired conditions would have existed for making it a river course. But the query 
mnes np, where in that caaa would hnve been the discharge t Its abrupt eastern ter- 
minatitHi takes place right opposite the Urge and broad Peconic bay which divides the 
MStera end of Loi^ Island for a distance of nearly SO miles, making the Island in 
fonn like the profile of an alligator, with its long mouth (Peconic bay) wide open; and 
the interval of dry land between the Sound and this bay is hardly three miles wide. 
U(M«oTer, directly in the line of the depreeaon, the land is low, and ia intersected by 
Ustitudc lake, and riso by various channels on the Peconic side. These facta lead to 
the BoppoaitiCKi that ttus Sound stream of the Olsdal era, whose tributaries included 

Tubs. Corkxotioiit Acad., Vol. IL G Sift., i869. 
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G. BvExra AND Rbsdlts of thb Cbahpl&u- ku. 

The Glacial era closed in a subsidence of the land over a lai^ part 
of the continent, the initiatory event of the next or Champlain era. 

1. Amount of Suiigidefux. — The amount of the enbsidence about 
New Haven is unoertain, hecaose the actual height of the land in the 
Glacial era is not yet satisfactorily detennined. It was ao great as to 
carry the land conraderably below its present level, as evinced by the ' 
height of the New Haven plain, this plain having been made and lev- 
eled off in the waters of the era. Taking the level of this plain as 
marking the water level, we learn that about the College square and 
for some distance to the north, and either side of this re^on on the 
same east^and-west line, the depression was near 40 feet. Farther to 
the north it increased gradually to 70 feet and more in Hamden ; while 

the Housalonic vdA other rivers to the west, maj have duchar^ tbrou^ as open- 
ing into Pecaoic bay. and tbat this opening iraa filled up by saads during the foUowing 
era of submergence (die Champlain era), and cotemporaneouBly Ihe adjoining soulhem 
portion of Hio Sound was made ahallovr hj tha same means. The form of the bottofu 
in this part of the Sound &Tors the idea tliat the sands for flUing It came &om the di- 
reotioD of the Feooalc bay. 

But the existence of the oblong deep hole in the oouna of a direct line to the sonth- 
eru arm of tbe great eaatern deep water region of the Sound hardjy nine miles distant, 
brings up the enquiry whether the river (juumel ma; not after all have been over tbia 
route tnlAwi the Sound. The submergence of the Champlain era would hare afforded 
the same means as stated above for flUlug up with sands this part of the Sound anA 
for stopping off abruptly not only the channel of the Sound river, but the great depres- 
sion in which the channel lay ; for the waves of that era must have swept across the 
land IB one or more places IVom the Feconic bay into the Sound. 

IT this latter view is the right one, the great Sound river, commencing In the ri-rerfl 
of the ridnity of Oreenwich and taking into itself the waters of other rivers eastw«iil 
to the Housatonic, and still others ttota Long Island, would, after receiving the Hoaia- 
tonic, have derived little else directly fhim the north until reaching what is now tlie 
eastern deep-water region; and this It would enter by the soutliern arm of that ragman. 
The rivers of the New Haven coaat and other small streams betrreen it and Sacbem's 
Head, would have taben an intermediate course over the Bound to the same meridian, 
and then entered the middle arm. The rivers from Quilfoid to Kmingworth harbor 
would have Bowed eastward to the oonimencement of the norUiem of (he three anoB. 
And then a few miles beyond liis, the northern arm would have received tie Conaefr. 
Beat river, the great tnbutmy, and from this point all tiie IVesh waters of tie various 
rivers would have been combined in one grand Qow on their way to the ocean. FVom 
the depth of water and the character of the daep holet over the deep-water regiot) 
south of the Connecticut, it may be inferred that here was actuaDy IJie great bay oT 
the Sound river into which the ocean waves set as they do now into the mouth of tbe 
present Connecticut The latter has its deep holes innde of its bari for the depth 
within the channel of the present river at low tide is 6 to T fathoms, while there ai« 
but 10 feet of water over the bar. 
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to the south it diminiBhed in height, heing hnt 80 feet in the tatitade 
of HallecVa place on the bay. The facts on this point are given be- 
yond (p. 88). North of Connecticut, over New England, the amount 
of depresdon below the present level was still greater, and increas- 
ingly so with increase of latitude, it having heed SOO to 250 feet at 
least in central New Hampshire, 400 aboat Lake Cbamptain, and 500 
feet on the St. Lavrenoe. 

2. General consequences of the Subsidence. — An the writer has re- 
marked Qpon elsewhere, an immediate consequence of a suhsidenoe of 
the land, and especially of one which was greatest as a general thing 
to the north, wonld have been the bringing on of a warmer climate, 
and Uience, the commencement of melting in the glacier. 

As another reenlt we note that the slope of the great valley of the 
Connecticnt wonld have become less than it is now. Consequently 
the motion of the Connecticut valley glacier would have been greatly 
retarded, if not rendered altogether nuU, Moreover the rivers would 
have had a diminished rate of flow, and would therefore have spread 
in wider floods than ever before, becoming in some parts a series of 
lakes; and the lakes also would have had an unwonted expansion. 
The great flow of waters from the melting ice would have immensely 
augmented the floods in all directions. 

Soch an extended change of climate over the glacier area was 
equivalent in effect to a transfer of the great glacier trom a cold icy 
region to that of a temperate climate and melting sun. The melting 
would therefore have gone forward over vast surfoces at onoe, wide in 
latitude as well as longitude, and not merely along a southern edge 
with slow creeping progress northward. Hence, as another result, 
the depositions of sand, gravel and stones from the glacier, would 
have taken place almost simultaneously over regions scores of miles 
wide in latitude, and in general without special accumulations along 
a southern border like what is called the terminal moraines in the 
Alps. They would have descended alike over the hills, pluns, and 
valleys, lake regions, flooded riven and sea-shore bays; but not with 
like results over these various regions, for wherever there was water 
in motion beneath, the water would have worked over the pebbles 
and sand and prodnoed some stratification of the material, or at least 
have leveled all off at top. Thus unstratified and stratified drift (the 
latter inolndlng the so-called modified drift, as well aa a large part of 
the "alluvium" of river valleys) were formed simultaneously, and 
both in the Cbamplain era. 
The depositions made directiy from the glacier as a conaequ^oe 
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of its m^ltmg, and which belong to the openiag part of the Champlain 
era may be first considered; and afterward the secondary and later 
reeolts. 

1. Brents end Twulta of the Opening Ctumplun era. 

1. DepotUion* over the hitU. — The deposits over the hills in the 
New Haven region, cooBiBt, like those of the rest of New England, of 
sand, stones, and large boulders, mingled pell-mell, or without strati- 
fication, except where they fell into lakes and riTers. 

This unstrstified drift is found wherever the land rises above the 
level of the stratified "alluvium" of the New Haven plun, except 
along the upland valleys. In some places it appears to be more or less 
stratified, as near the Seymour turnpike {running west from WestviUe) 
after passing the first hill (that of the Edgewood line) ; hut in this and 
other similar cases the stratification is owing to the fact that the region 
in the time of the melting glacier was the course of a flooded stream. 
The boulders and stones are not to be looked upon as lying just where 
they were dropped in all cases, nor as being formerly in the same lai^e 
numbers as now over given areas ; for the sands and smaller stones 
that fell with the larger masses have to a great extent been washed 
away to lower levels, and carried off by streamlets to rivers, and by 
rivers seaward, and thus the large stones that crowd the snr&ce in 
some regions may when first dropped, have been many feet apart, or 
even scores of feet away from the spot where they now lie. 

The character of the stones and the size of the boulders over the 
hills show what is the nature of much of the material which fell into 
the waters, and which now lies over what was the bottom of the bay 
in the Glacial era. 

The larger boulders of the New Haven region consist mostly of trap 
and sandstone ; and next to these in size and numbers are those of 
gneiss and quartz. Those of trap, sandstone and gneiss are quite 
numerous over the western border of the region, especially along the 
eastern mar^n of the Woodbridge plateau ; those of quartz rock have 
a very wide distribution. Only a few of gneiss have been observed 
as far east as Sachem's ridge. 

Some of the largest of the trap boulders are as follows ; 

One 2^ m. north of Westville, on Boulder Hill, measuring along its 
diameters 29, 14 and 12 ft. and weighing at least 400 tons. 

The boulder in pieces making the Judges' cave (the place of con- 
cealment of the regicide judges for a while in 1661), l) m. east of 
south of the preceding, on the top of the West Rock ridge, the masses 
when together having weighed at least 1000 tons. 
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One on the Woodbridge heights, li m. southwest, about 10 feet 
in its diameters, but now in halves. 

One in the northern part of the Edgewood grounds, a mile soatheaat 
of the last, and 2 ql a little west of south from the Judges' cave, 
abont 8 feet cube. 

Three others, half a mile south of the last, in the same grounds, 
measuring 25, 18^ and 8^ feet, U, 8^ and 7 feet, 8, 5 and 4 feet. 

One near the Derby turnpike, ^ulE. ofS. of the last, of 14, 6 and 6 
feet in its diameters. 

One in the woods north of the Stoeckel farm, J m. S.W. of the last, 
and in the same line nearly with the Judges' cave and the Edgewood 
boulders. 

On the Milford turnpike nearly a mile east of south of the latter, 
} m. west from Allingtown, measuring l.>, 8 and 5 feet. 

One at Savin Bock, forther south, 8, 6 and 4 feet. 

These masses are all on the weatem border of the New Haven re- 
gion. The he^ht given in each case is the height above ground, the 
depth to which the boulder extends below the surface being uncertain. 
Many of those that formerly lay over these he^hts have been broken 
up for use in house-building. 

Over the same region sandstone boulders are numerous, but they 
are seldom very lai^, owing to the nature of the rock. One of 
tabular form on Boulder Hill measures 21, 15 and 5 feet. 

There are also large trap boulders more to the eastward. One on 
Sachem's ridge measures 16 feet in length and Sj in greatest breadth ; 
and one in East Haven, back of Mr. Woodward's, of II, » and 6 feet 

There are also occasional masses of native copper derived from the 
copper mines of the Connecticut trap and sandstone region. A mass 
from the vicinity of East Rock, given to the Yale Cabinet by Mr. Eli 
W. Blake is probably of this kind. Another weighing 90 lbs. was 
found early in the century on the Hamden Hills, 

2. DepoeiCions oner the waters. — The New Haven bay in the Cham- 
plain era covered the whole breadth of the New Haven region, from 
the Woodbridge range on the west to the sandstone ridges of East 
Haven and North Haven on the east, aod spread northward into Ham- 
den. East and West Rocks, Fine Rock and Mill Rock were cliffs 
within its area, or on its borders. Sachem's ridge was a long north- 
and-south peninsula south of Mill rock: aod the Beaver Hills, another 
south of Pine Rock. The Beaver Pond region was, for a while at least, 
the deep central portion of the New Haven bay ; it lay in the interval 
between Mill Rock and Sachem's Ridge on one side, and Pine 
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Rock and the Beaver Hills on the other, close alongside of the latter. 
Mill River entered a narrow arm of tlie bay between Elattt Rock and 
Sachem's ridge, and the waves widened ite head and battered Mill 
Rook for some distance west of WhitneyriUe. This Mill River ami 
was encumbered by two or three low sandstone islands, the northera- 
most of which is now the site of the residence of Stephen Whitney, 
West River opened into another arm which lay between the eastern 
of the Woodbridge heights (or the Edgewood range of hills) and the 
Beaver Hills, and West Rock Cliff and Pine Rock overlooked it on 
the north. Up the Quinnipiao valley, beyond East Rock, stretched a 
long and broad arm of the bay, which was the great inner harbor. 

We come now to the consideration of the action of the waters of 
the bay in Ari'anging the material dropped into them by the melting 
glacier. The large boulders were evidently the first to fall; for none 
were foand on the plain when it was first taken possession of by the 
colonists, although such masses were then very numerous over the low 
Beaver Hills and Sachem's ridge, and are somewhat so still notwith- 
standing man's free use of them. Further, in no excavations into the 
allaviam of the plain for cellars, wells, or other purposes, (as we are 
informed by Messrs. Ferkins & Chattield, Mr. Isaac Thomson and Mr. 
D. W. Buckingham, who have superintended such work for years past) 
have boulders anywhere been found, with only two exceptions ; and 
these are really no exceptions, dnce the boulders in each case lay on 
the foot slopes of sandstone ridges. One occurred at a depth of 1 feet 
beneath the gravel of the allnviam, and was found while making a pit 
in Trumbull St., near the house of Prof Fisher; it was of trap and 
about two feet across. In the other case a number of large stones 
were met with in digging a well on Whalley Avenue near BlakeStreet ; 
Mr. Bnckingham, who reported the feet to me, attributes their occor- 
rence there to the nearness of the place to the Beaver Hills. 

As the melling went forward, the sand, pebbles and cobble stones 
were thrown down together ; but they underwent as they fell an arrange" 
meot which varied according to the movements in the waters beifeath. 
The bay had its tidal currents, as now ; its areas of comparatively 
still waters ; and besides, certain channels along which the flow of 
the rivers increased greatly the force of the ebbing tide. The strati- 
fication of the deposits varied accordingly. Where the currents were 
strong, they washed away the sand from the stones, or if very strong, 
the sand and smaller pebbles, and thus layers of coarse gravel were 
made — gravel beds being always deposits from which the sand has 
been sifted out by uLOving or flowing water. Along the main river 
coursee there ought to be found, conseqaently, long gravel couraea, 
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znaTking the directLon of the etroogest ourreDtB, and these gravel 
courses should be not far below the enrface UQlese the depth of water 
in which they were deposited were too great for this. Accordingly, 
Tre find that the valley of West River, near West Rock is a pebbly and 
stony region. 

Another more remarkable gravel course extends &om the head of 
the harbor between Meadow and Franklin streets over State and 
Orange streets, toward and beyond Whitneyville, and this was evi- 
deutly the course of the MiU River channeL It follows {see map) 
the west side of Mill River from Whitneyville down to Grand street, 
then diverges a little westward, the region between Mill River and 
Franklin^treet, as I am informed by Mr. Chatfield, being less stoney 
than that to the west. Franklin street is about 500 yards from the 
river. At Neck Bridge, below the East Rock range, the "alluvium" 
on the weat side of Mill River is foni^fifths stones ; and on the ea(tt it 
IB very pebbly, but the proportion of stones to sand is not more than 
1^ to 6; and farther east the proportion of pebbles becomes qoite 
smalL The gravel is in all parts exceedingly coarse, and consists 
largely of cobble stones. This gravel course extends far up Mill Riv- 
er, and is as coarse in its stones n6ar Ives' Station 4j miles to the 
Borth, as it is over the New Haven region. Just south of the Mt. 
Carmel gap, the stoney character is still more remarkable. 

Another gravel course, but coaleacent with the preceding as it 
approaches the bay, passes northward along the Canal railroad to the 
vieat of Sachem's ridge (•Sf/i), instead of to the east of it. It has the 
course of the Ea^ Creek valley. The pebbley deposits or gravel 
underlie the surface from the head of the bay, northward across State 
street; its western border follows approximately {as I learn from 
MesitrB. Perkins & Chatfield) a line along State street to Crown, across 
from this point to the comer of Chapel and Church ; along Church 
from the comer of Church and Wall to the corner of Grove and 
Temple ; and thence along the east side of the cemetery. 

The extent of the region shows that the fiow producing it had the 
breadth and character of a tidal flow. This East Creek tidal channel 
was connected directly with the central interior basin of the harbor, 
the Beaver Pond depression, as the channels in the surface along 
Webster and Manson Streets demonstrate (p. 63, 64). 

The Mill River and East Creek tidal courses were branches of the 
great central tidal flow up the bay. 

The gravel-course of the Quinnipiac is not in sight. This inner 
harbor of the bay was deep, and swallowed a vast amount of great 
stones, gravel and sand, without being filled to the sur&ce. 
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The conrses of the tidal carreiits of the bay are also apparent in 
the less height of the drift formation wherever they swept along. 
Thuti, within the range of the Mill River tidal coarse, at Neck Bridge, 
the height of the terrace on the uK«t side of the river is but 32 feet, 
while it is 42 feet on the eaet side. This Mill River tidal current, 
although strongest, perhaps, to the west of Franklin street, had a wide 
spread to the eastward. For the area over which the terrace formation 
IB below its normal height includes not only a region west of Franklin 
street, but all east of it to the river, and even a large part of 
Grape Vine Point (the wide point of land between Mill River and the 
Quinnipiac). Near the bridge at the foot of Chapel street on this 
Point the height of the drift or terrace formation is only 12 feet, and 
between this and the southern extremity of the Point, it is still Wtis ; 
half across the Point in the same line, it is only 21 feet : and half a 
mile to the north, near the Bamesville or Grand street bridge (the sec- 
ond bridge over Mill River), the height is only 29 feet. On the Quia- 
nipiac side of Grape Vine Point, on the contrary, the plain has its full 
height, being 34 feet in the same east-and-west line with the Chapel 
street bridge, and 40 feet in that with the Grand street bridge. It is 
evident therefore that the central part of the great tidal wave up the 
bay in the Chaniplain era swept northward between Meadow street on 
the west and Ferry street in Fair Haven (on Grajje Vine Point) on the 
east, an area over 1^ miles wide; that it continued to be felt on 
the east side of the river to the north of Bamesville bridge ; but at 
Neck bridge, approaching the south point of the East Rock range, it 
was pushed more to the westward, the terrace on the east bank at this 
point having a height of 42 feet, or the full normal elevation. An 
eastern branch of the tidal wave entered the Quinnipiac basin through 
the broad channel which forms the lower part of tliia river. Owing 
to the bend to the westward in the lower part of this channel, the 
wave was thrown against the eastern shore, so that the terrace forma- 
tion on that side is mostly wanting while built up nearly to its full 
height apparently on the western side of the channel even quite to its 
mouth. 

By closely studying the nature of the stratification of these deposits 
beneath the New Haven plain, the particular character of the action 
of the waters may generally be made out, even, in some cases, to dis- 
tinguishing the effects of individual waves and changes in the action 
of tidal or river currents. A good example of this is afforded in the 
region south of the East Rock range (or of Snake Rock, its southern 
termination) between Mill River and the Quinnipiac, where sections of 
the deposits have been made in grading for theHartford and Air-Line 
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mlroads (see the coarse of these railroads between Slill River and the 
Quinnipiac on the map). The whole height of the alluTinm above mean 
tide is in this region from 42 to 45 feet. The cut through it for the rail- 
roads extends nearly southwest and northeast, and is about two-thirds 
of a mile, or 1200 yards, long. After the first 700 yards, the railroads 
pass under a bridge, and just beyond, the separate cut for the Aii^ 
Line railroad commences. The depth of the section is about 16 feet 
at its Slill River end, 20 at the bridge, and 26 toward the npper or 
Quinnipiac end. A number of interesting facts are to be observed in 
the secttons : 

a. The diminntioii in the proportion of pebbles on passing east irom 
the Hill River valley is well seen. Along the Air-Line road they con" 
stitute hardly a fifteenth of the whole mass, although in an occasional 
small layer they are of large size, even like cobble stones. 

Toward the more northern or Quinnipiac end of the cut, the layers 
are not only less pebbly but th^e lower part of the section contains 
two to four irregular layers of exceedingly fine clayey sand (M, fig. 2), 
The material adheres rather firmly, holds water well, and is so damp 
at all times that the exposed surface has tn part become green from a 
covering of moss. The clayey layers are separated by others of sand, 
and an occasional one of pebbles. 



b. The alluvium is in nearly horizontal layers, just as it was ori^- 
nally laid down. But these layers are quite irregular, often of small 
lateral extent, and where composed of sand are very commonly made 
Dp of wave-like parts, &om two to many yards long, as in the annexed 
figure — which represents a part of the surface six feet in height, about 
half way from top to bottom in the Air-line railroad cut. 

e. A marked variation from horizontality occurs at the northern or 
Quinnipiac end of the cut, where the layers, as shown very distinctly 
in the firmer beds of clayey sand (fig. 2), dip downward four feet in a 
length of SO ieet, or from 7^ to 3^ feet above the railroad. This dip 
ii toward the Quinnipiac river, or toward the old harbor, and may 
have some relation to the original bottom of the basin. 
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d. The Band of the Baody layers is obliqtiely laminated (not an 
nncotnnion fact in snch deposits), as shown in the above figure. This 
dlTifdon into tliin obliqne layers is not apparent when a cut is first 
made through it with the spade, bnt appears often on a surface of natr 
oral fi*actnre, and very distinctly after exposure for a while to the 
winds. It shows that the sands were deposited in these delicate 
obliqne layers while they were being aoonnunolated in the long or 
horizontal beds which consist of these, 

e. Tbronghout the upper part of the section, {above the line N S 
fig. 1), the inclination in the obliqne lamination is mostly to the north- 
ward : while in the lower part {below N S) it is as generally to the 
southward. Layers containing both slopes may be observed in each, 
bat the above are the prevalent conrseB. The formation is thos made 
up of an vpper and lower division ; and in many parts the two are 
separated by a thin band of lai^e and small pebbles. Near the jnno- 
tion of the Air-line and Hartford tracks, the dividing plain is but two 
feet above the level of the railroad ; to the eastward it retains nearly 
the same level {about 22 feet above meantide), but it is higher above 
the track, there being here a descending grade in the road. Below 
this bridge, or toward Mill river, the upper division is the only one 
in sight; the level of the dividing plain passes beneath the sur&oe 
of the railroad excavation, and for this reason cannot he traced. For 
the first two hundred yards on the way toward Mill rirer, the slope 
of the oblique lamination rises quite uniformly to the southward as 
in the upper division above the bridge ; through the next one hundred 
yards, this is still the prevalent direction ; bnt farther toward the 
Uill river end of the cut both slopes occur, and that of the loieer 
diviuon finally becomes the most common. 

/. In the upper part, the sands, through the ent for the Alr-Iine 
road, have the ordinary dirt-brown color ; in the lower part they are 
brownieh-red. Thus there is a marked distinction between the two 
divisions in color, as well as in lamination. This color is of coarse 
not observable in the pebbly layers. It is owing mostly to the faot 
that the grains of quartz are tinged outside by red oxyd of iron, like 
those of the red sandstone. 

The following conclnsionB flow from the &cts here noted. 

(1.) It has already been observed that Mill river valley, especially 
its west side, was the course of a powerful tidal oarrent which set in 
and out over what u the head of the present harbor, whose ebb was 
increased by the flow of the river. From the diminution in the amoant 
of pebbles to the eastward of the river {§ a), it appears that the tidal 
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flow, as it spread io that direction around what was Snalce Rock head- 
land, rapidly lost iu force ; and finally, wlien &irly in the Quinnipiac 
basin, as the beds of fine clayey sand show, there were intervals of 
comparative qniet or of only gentle movements. The fact of these gen- 
tle moTements is proved not merely by the finenees of these beds, 
bnt also by a very delicate contorted lamination in them, which in 
some places looks as if due to the smallest of eddyings in the water at 
the time of deposition ; and also by successions of obliquely-laminated 
layers of sand only one or two inches thick, constituting here and there 
an overlying hed. Where layers of stones, or thick obliquely-lamin. 
ated sand-beds, exist between these clayey beds, Ibey indicate that a 
time of rougher movements intervened. 

(2.) Since the slope in the obliqne lamination throughout the lower 
diviBioo of the alluvium dips to the southward, or rises to the north- 
ward (g «), the deposition of these beds took place under the action of 
a tidal carrent flowing northward, that is, into the old Quinnipiac har- 
bor ; and the reverse direction of the lamination in the upper division 
implies a current during its formation to the southward, away fi-om 
the old harbor, or toward thepreee/tt bay. 

Such a change of current (A) would have attended the flow and 
ebb of each tide. But this cause of the transition in the beds would 
make the whole depodtion a twelve-hour operation ; which, even with 
a melting glacier above to supply material, would have been incredi- 
hly quick work. It might (B) have proceeded from a change in the 
place of discharge of the Quinnipiac waters, such as would have 
added the river current to the ebbing tide. But there is no evidence 
in favor of this in the existence of an old channel, and much against 
it, in the character of the layers along the present channel north of 
Fair Haven. It might (C) have resulted from the setting in of an ex- 
traordinary river flood, giving great force and volume to the out- 
flowing tide, and not only along the proper channel of the stream, but 
far and wide over the low lands adjoining. Through such means the 
action of the incoming tide would have been as much weakened as 
that of the ebb enhanced ; and, as a consequence, the oblique lam. 
ination of the sands would have been produced by the outflowing 
flood The special influence of the Quinnipiac flood would have dimin- 
ished westward, where finally it would have encountered a similar, 
though smaller. Mill river flood ; and hence it is natural that the 
alluvium should here lose its Qninnipiao characteristic and take that 
of the other stream, as stated in the closing part of (g e). It might 
P), if a flood were in progress, have been due to the fact that the 
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depoBitions bad reached such a level as to impede the inflowing tide, 
and thereby give the aecendanoy to the river current ; this being 
favored by the height of the land at the time. 

Of the causes suggested above for the difiereuce between 
the lower and upper divisiona in the sections, C and D are the only 
ones that can be entertained ; and such a flood would have been 
sooner or later a natural consequence of the melting of the glacier in 
progress. It would have been a flood enormous in extent and vast in 
effects ; it may have been not merely an overflow of a few months, 
but of a period of years. 

(3.) The subdivisions of the layers into subordinate wave-like puts 
may have resulted from the plunge of the waves that accompatiied 
the tidal or current movements of the waters. E^h of these subordi- 
nate parte is not the whole that was formed by the plunge and flow 
of a wave, but this minus what it lost by the succeeding plunge or 
plunges — as a little study of figure 1 will make apparent. In these 
wave-like parts of a bed, the oblique layers usually diverge as they 
rise upward, as shown in figure 1. The wave struck at the end from 
which the lines diverge, and as it pushed forward with slackening force, 
it dropped more and more of the the sands taken up, and bo the little 
layers formed by it were made gradually thicker. So much material 
deposited with one fling of a wave would seem to indicate rapid work 
in the deposition of the beds. 

The reasons for regarding these and other like beds as depositions 
directly from the glacier are the following. (1.) Stratified deposits 
were thus made by the glacier and the waters beneath somewhere 
about the New Haven region ; and no others exist that can be such. 
(2.) These beds, consisting largely of interstratified sand and gravel, 
and in part of layers of cobble stones, have charactei's according pre- 
cisely with the supposed mode of origin. It will be noticed that the 
layers of cobble stones have not required for their formation, on this 
view, streams of tremendous magnitude and violence, beyond all 
physical probability, in order to transport the stones from their place 
of origin, 50 or 100 miles or more to the north ; the work of transpor- 
tation was done quietly by the glacier, and they were simply dropped 
to their places; much more moderate streams served to siil out the 
finer material so as to leave the larger stones alone. (3.) These sand 
and gravel beds could not have been formed like ordinary sand-banks 
on a sea-shore or in a bay. For the waves and currents, which are 
the means of piling up such banks, could not have introduced the lay- 
ers of gravel or cobble stones except they had been furnished by 
some other agency ; and the amount of sand that the waves move in 
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& stroke is bat little, aod this is spread widely. (4.) Again, they 
conld not have been formed as sea-beach deposits. They have not 
the structure of snob deposits. Moreover, if the beds of the New 
Haven plain had been produced by the gradual growth of a beach 
seaward, the harbor would have also existed somewhere, in narrow 
areas at least, among the encroaching beaches, and remains of the co- 
temporaneous mud-flats of the harbor should occur to mark its posi- 
tion. But no such clay or mud deposits have in fact any where been 
found, except in the Quinnipiac valley (apon which we remark be- 
yond) ; none along the conrses of Mill and West rivers, where we 
shoald naturally look for clayey interpolations among the sands, if 
not thick beds. The work of filling up the bay was evidently too 
rapidly done for the accumulation of mud or clay from the contribu- 
tions of rivers. 

3. FiUing of d^tretiiona with the drift. — ^Tbe depoutiona firom 
the glacier filled up the greater part of the New Haven bay nearly or 
quite to the sea limit, as is shown by the even surface of the plain, 
the whole having been leveled off by the waters. The rivers, where 
not too deep to be filled, bad currents to sweep out the sand and keep 
them clear. 

The Beaver Pond depression, the great central basin of the bay, 
was one of the unfilled channels; and unfilled, in all probability, be- 
cause of its depth. The drift was dropped over it as over the rest of 
the bay ; but its depth saved it from obliteration ; it still remained 
the open central basin of the bay. Its original communication with 
the wider outer portion of the bay was probably, as has been shown 
(p. fi3), through the West Creek channel, whose extent, nortb-and- 
sonth coarse, and approximate conformity in direction and line 
with the Beaver Pond basin, accord with this view. During the melt- 
ing of the glacier there would have been an abundant flow of waters 
from the northward through it ; and these currents, together with the 
inward setting of the tidal flow, would have made the steep terrace- 
slopes that form its boundary, and those also of West Creek valley, 
which resemble in all respects the terrace-slopes along the rivers. 

But while not filled by the depositing drift, the Beaver Pond de- 
pression appears to have lost much in breadth ; for in the surface of 
the adjoining plain, especially along Crescent street, there are several 
large isolated basin-like depressions — deep holes, as they are oiten 
called, although sometimes 100 yards or more across— which must 
have been cut off by the depoutions made by the glacier. The east 
and west Ooffe street ponds occupy such exscinded depressions. The 
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valley of West Creek sppeiLTs to have been dioseTerecl from the Bei* 
ver Pond baein bj the Bame means ; having no river (p. 62) to per- 
form the office of sweeper, it would have been unable to reust the 
encroaching Bands. 

But while the Beaver Pond depression was thus closed in the direc- 
tion of We^ Creek, a tidal conmranication appears to have been ke|rt 
open between it and the deep parts of the bay, through the wide val- 
ley-libe depressions near Webster and Munson streets, and thence 
through Mut Creek. The gently sloping sides of the East Credc 
valley along the course of Chapel and Elm streets below Temple, as 
well as near Webster and Mnnson streets, and other facts already 
mentioned (p. 64) correspond with the view, as just stated, that this 
channel was originally a depression in the sandy bottom made by the 
sweep of the tides. Accepting these views, the channels of East and 
West Creeks, which diverge at the bay, make together the circuit of 
the original New Haven square, and converge toward the south- 
em extremity of the Beaver Pond depression, were both, though at 
different times, outlets of this great central basin. 

The valley of Pine-Marsh Creek was another of the deeper glacier ei- 
oavatiouB, as already explained ; and one too deep to be filled with the 
droppings of the glacier. This is proved by the remarkable breadth 
of the valley, and the fact that it is bordered by a steep terrace-slope, 
although no lai^e stream but that made by the melting of the glacitf 
ever flowed through it. There are deep boles or basins in the plain along 
its borders which may be explained in the same way as those adjoin- 
ing the Beaver Pond depression ; that is, they are spots that were un- 
filled by the sand and gravel of the glacier, because of their depth. 

The Quinuipiao valley was &r the largest and deepest of the deep 
basins of the New Haven bay ; for while in one part a mile in width, 
the terraces on its eastern and western sides are very narrow. More- 
over they are mostly below the nsnal height ; and in some places so 
poorly defined as to be apparently altogether wanting. But to the 
south, between the basin and the bay, there is a great development of 
the drift or terrace formation, indicating that over this wide area the 
material was dropped by the glacier in shallow water. Red sand- 
stone, the basement rock, outcrops from beneath the sands of the for- 
mation south of East Rock and in Fair Baven, opposite borders of 
the plun. The fact that the tidal flow in the bay daring the Cham- 
plain era was not over this area but either side of it (along Mill Riv- 
er and the Quinoipiao chaoQel), is other proof that the region was 
originally shallow ; for the course of the tidal wave is along the deep- 
er parts of a bay. 
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In contrast witb the busin, the Qninnipiac valley near the village of 
North Haven and north of it has its lower flata exceedingly narrov 
and the upper plain of great extent ; and here, concordantly, the red 
sandstone m bat a little way beneath the sur&ce, for it outcropa along 
the river, and, a§ I am informed by Mr D. H. Pierpont, is the bottom 
of all wells in the village. But the poor condition of the terraces in 
the Qninnipiac bafun cannot be attributed solely to its extent and 
depth ; it mast be owing partly to the cnrrents that swept through 
the basin in the era of the melting glacier ; for the upper plain or ter- 
race, evidently for the same oanse, has in general been left remarka- 
bly low, often not half its normal height, about Korth Haven and to 
the north. It is to be noted also that the drift formation or plain 
south of the basin may owe something of its extent and height to the 
diminbhed velocity which the waters would have had after passing 
East Rock, as they there escaped the bounds of the Qninnipiac val- 
ley, and were free to spread widely to the westward. 

4. Origin of the material of the drift. — The sand, gravel and 
stones of the drift-deposit of the plain came largely from the Red 
sandstone formation; (1) the pulverized sandstone affording sand; 
(2) the associated conglomerate yielding pebbles and stones; (3) the 
wear of fragments from the harder varieties of sandstone and con- 
glomerate making other stones or pebbles. There are some pebbles 
of trap, but they are very few in comparison with what the prece- 
ding Bonrce supplied. The rest came from the region of crystalline 
rocks to the northwest and northeast. 

The great trap boulders may have been derived from any of the 
trap mountains to the north. Those of the western border of the New 
Haven region, which are often tabular in form and sometimes thiok- 
laminated in structure, were probably carried off from the heights be- 
tween the western of the Hangmg Hills of Meriden and Mt. Tom, 
though poesibly in part from the West Rock ridge more to the south. 
The great fallen masses in some of the valleys of the Meriden moun- 
tains resemble many of these boulders in form, in fine-grained text- 
ure, and in laminated or jointed structure. The masses of the Judges' 
Cave are probably from these more northern trap ridges which, as 
already mentioned, are the highest of the valley. This view of their 
origin accords with the fact that the gneiss boulders so common along 
witb them are probably from the adjoining region of the town of 
Granby, or from Massachusetts, farther north, as stated by Percival 
after a comparison of the rocks. The quartz and qnart^te boulders 
may be from the a4joining region in Massachusetts. But they are 
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widely spre&d over ttie Kew Haven regioo, and they may have come 
from Vermont or New Hampshire, where such rocks occur.* 

6, Sapidity of deposition. — The wasting of the glacier, beginning 
as the warm Champlain era opened, (p. 06) would at fir«t have beeo 
slow, and mainly above. But after a while, the glacier would 
have been reduced to a comparatively thin sheet of ice, aad then, 
through the heat conveyed into it in all directions by means of waters 
from above, aud that received through flowing waters and air below, 
the rotting of the mass would have become general, and the unload- 
ing of the glacier would have gone rapidly forward. The period of 
years occupied by the deposition of the sand and boulders may there- 
fore have been short. It may be queried, considering how much ap- 
pears to have been done by a single wave, whether one year, or even 
lees, would not have sufficed for the uf^jer division, or the upper 
twenty feet, in the part of the formalJon represented in figure I, on 
page 73. 

With ao quick a way of dumping the load of the great glacier it is 
nothing incredible that the channel of West Creek should have been 
out off irom its northern continuation, the Beaver Pond basin ; nor 
is it imposable that, by like means. Mill River should have had its 
course through the same baein and channel intercepted by half a mile 
of sand and gravel, and have been forced to open a new way for it- 
self by Whitneyville, although deemed improbable for the reasons 
stated on page 55. Even the floods of Niagara were thus stopped 
short; the old gorge, as long since made known, was filled to the 
brim for miles by the drift, and the river was turned off to work out 
another passage through the rocks.! The accumulations of a "ter 

* BeBides the bouMers described on page 6B, there are the following iu more remote 
localities. One, of trap, 6 miles in an lur-line north of the d^, H m. west of Ive^ 
Station, aftf roda west of W. Feon's, south and east of a bend in the mad, is SS feet 
in girt and 1 T feet high, and must weigh over 600 tona. Leas than half a mile south 
of this spot, Dear, and east of, the " West Woods " road, a httle south of R. Warner's 
house, there are four great trap bouldera, nearly in a, north-and-south line, the largest 
50 feet in circuit Half a mile north of the Ut. Cannel gap, a short distance west of 
the rtdtroad bat^, (and In toB nght ftvm the cars when passing), there is a boulder of Iran 
somewhat house-like hi shape, which is 2S feet long bj 14 wids and 16 iagh, with a 
girt of 68 feet; and along side lies a slice fkm its bread face, averaging 4 feet in 
tUi^esa, which when a part of the maas, would have-made itadiameten 26, 18 and 16 
feet, and its original weight at least 460 tons. It shows traces of vertica] lamination, 
like a trap dike, and was probabtj taken off trom aoma trap-mountmn before it had fUl- 
en tiom its place. 

t Dr. Newberrj iu his memoir on Surface Oeology, already refened to (p. 49), men- 
tions the Oliio river as another that wsa diverted hj the filling op of the old (diannel 
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minal moraine" in the ordinary slow way would never have stopped 
the course of a Niagara. Bat before a sudden down-throw of sand 
and gravel from a freighted glacier, no stream is too large or rapid 
to hold its place. 

Although the accumulation of freight hy the old glacier mnst have 
required a very long period, even that of the whole Glacial era, the 
deposition of a large part of the older " alluvium," if the above view 
is right, was a rapid work — much more rapid than has hitherto been 
suspected. Any attempt to measure the interval of time between the 
depositing of the top and bottom layers by comparing the thicknees 
of the formation at New Haven with the accumulations now going for- 
ward along the shores wonld lead only to great error, This codcIu- 
rion holds not merely with reference to all similar formations made by 
direct deposition from the glacier, hut also to others accumulated by 
tbe action of moving or running "waters immediately afterward, inas- 

. . . ... I 

In the Ohamplain era, and states that its present course along tbe falls or rapids near 
XiOinarille waa thua delermmed. Other cases alao are referred to. 

It is powble that In Hill River we Sod an example of such a chaoge of course, as I 
have stated above. But the facts with regard to the Mill River gravel-oourse (p. 1\) 
are another aigument against it It will be understood that this gravel is not that of 
the bed of Urn stream, but the material of tbe terrace or driil fonnatioo standing high 
along the border of the river; and that it is aimilar in character above and below the 
WhitneTville dam. It seems to be good evidenoe that the river oocupied its present 
duuinet throughout the period of the depo^tiou of the drijt. 

A change of course in tbe Quinnipiac through the cause alluded to is quite probable. 
The river at the bridge flows in a Bsodstone trough, the rock rising above the nver 
10 feet on the westera side and over 20 on the eastern. Along tbe road running 
Ihenoe eastward to tbe depot (50 \a 60 rods distant) which rises ttoas IB to SB feet in 
level, there Is no sandstone, aud instead a deep bed of the sand of the stratified drift. 
The wells at three of the bouses west of the depot go down 2 to 4 feet below high- 
water mai^ in the river, without reaching the " red rock." Moreover tbe low flats of 
the river north of &e bridge spread eastward and sweep arouud to within 40 jards of 
Oie depot ; and in consequenoe, a brick house reoeutl; built opposite the depot (across 
the street), whQe it stMids in front on the Bnn sands, rests ita northern or bacJc walls 
on jntes which were driven dcwn in the meadows 20 feet without Bndiog for all of 
tiiem a Qrm fooling. That the river's bed was once here is tbe suppoeitiDn of those on 
the spot who know the facts. But we may suspect farther, that the river from tbls 
point flowed southward to join the present channel half a mile below, the low level of 
tbe bottmn of sandstone over this region determining it ; and that tbe sands and gravel 
derived directlj from tbe glacier or indirectlj through tbe river floods, during the sub- 
mergence (46 to BO feet in amount, as shown bejond) of tbe Cfaamplain era, fliled up 
the earlier <diannel, so that the stream, when the land was afterward elevated, was 
forced to open a new channel, in dtnng wbidi it took a course over tbe rocks because 
oompelled to It bj tbe existing slope of Qaa surface. 

Tauia CoBKEoncuT Aoas. Vol. XL 6 Juiuabt, ISSv. 



by Google 



8ii J. D. Dana on the origin of «ome of the 

much as the hills and valleya were eyerywhere left by the glacier 
loaded with sand and gravel ready and conveaient for tJ^nsportation. 
The evidences of rapid depoeition are so many and obvious that 
they appear to set aside any theory of the glacial cold which demands 
a slow decline of the era. 

2. Later eTsnts aDd ranulta of the Ghamplain era. 
1. Continuation of the Drift formation. — It has been stated that, 
during the progress of the depositions by the melting glacier in the 
bay, the lighter or finer portions would have been largely sifted out 
by the moving waters ; and while part of the sands would have been 
eddied off to one side, a much larger part would have gone with the 
current and the ebbing tide down the bay to be distributed by the 
tides chiefly at their influx along its borders. 

Over the whole of the wide western portion of the New Haven 
plhin, and especially the southwestern, the terrace formation consists 
of sands. To the north, toward Weatville, at the entrance to West 
River valley, there are pebbly layers ; but, on passing southward, 
these rapidly lose most of their pebbly character, and increase in fine- 
ness ; and between Congress Avenue and Oyster Point, the beds are 
almost solely sand. The detritus which is now borne by the rivers to 
the bay is distributed largely along its western side, and there, 
consequently, are the great sand flats ; and this is so because the di- 
rection of the tidal current in the Sound on its influx is to the teett, 
and as it enters the bay to the northwest ; and the depositions of de- 
tritus take place mp^inly during the inflowing tide. The same would 
have been the action of the currents and tides in the Champlain era ; 
and hence this western part of the New Haven region wonld have 
been, from the beginning of the depositions, an area of accumulating 
aand beds. 

The part of these sand beds that were made during the progress of 
the melting, should be marked ofi*, if they could be distinguished, as 
belonging to the first section of the Champlain era, and only the sub- 
sequent additions, as "later results;" but the progress of the beds 
through the two intervals was continuous, and it is probably impossi- 
ble to ascertain the limit between them. The hills and valleys, after 
the melting was completed, wOuId in many places have been left thick- 
ly covered with sand and gravel ready for transportation by every lit- 
tle rill the rains might make, and the rivers would for a considerable 
time have continued to transport an unwonted amount of sand. The 
depositions along the borders of the bay for a while wonld, therefore, 
have gone forward with a rapidity almost equalling that of the mcltr 
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ing period itself; and the decrease of rate would have been quite 
gradual. On the vest side of the bay near Halleck's place (where the 
present railroad grounda abut against it), a section of the terrace for- 
mation 25 feet in height (the upper twenty-five) is exposed to view, 
and throughont it, the beds have precisely th^ structure exhibited in 
fig. 1 (p. 73), and differ only in the paucity of pebbles ; they evince the 
same free supply of material and rapid deposition under the action of 
the waves. Moreover, the slope of the oblique lamination is toward 
the south (as in the lower part of fig. 1), showing that the deposition 
was accomplished mainly during the tT^ftowing tides. 

The result of all this transportation and deposition was an exten- 
sion southward of the sand beds, as well as an increase in their height ; 
and the terrace formation was thus completed to its outer limit. The 
plain stretching south to Oyster Point and over West Haven gives us 
some idea of its exteusion in that direction ; but not necesaarily its 
ori^nal extent, since the sea may have washed away much from its 
borders as well as from its upper surface. 

Over the region toward Oyster Point, the beds are sandy through; 
out, and free firom any upper layer of fine river or bay detritus, such 
as is deposited about existing mud-flats and sand-banks. On Grape 
Yine Point, between the mouths of Mill River and the Quiunipiac, 
there is the same absence of any thing like a layer of harbor mud 
over the sandy beds of the drift formation. The proof appears hence 
to be quit* positive that th^e sandy beds did not lie /or a long period 
beneath the vscUer, afler the materinl was deposited. 

2. S<tnd-/orjnatione on the borders of the Quinnipiac valley. — The 
Qninnipiac valley was the site of the inner harbor of the bay, during 
the Champlain era — and a harbor of great extent and depth, as already 
stated. While the sand-formation was in progress down the bay, 
changes should have been going forward within its area. On its bor- 
ders we naturally look for sand beds distinguishable from those that 
were made during the hurrying time of the melting by unconfonna- 
bility, and also by freedom from layers of coarse pebbles and cobble 
stones. One locality of such sand beds of considerable extent occurs 
on what was the southwestern border of the old harbor, at the north- 
eastern end of the cut made through the terrace formation for the Aii^ 
line railroad, south of the East Rock range. The character of the 
terrace formation along this cut has been described on pages 78, 74. The 
position and general character of these whitish sand beds are shown 
in the following cut. The part A B is the terrace formation, con- 
sisting of beds of sand, some quite coarse pebbly, and below including 
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three layers (M) vhich are of clayey sand. A B is the plane of sepa- 
ration between this part and the layers of whitish sand. The latter 




differ not only in their white color, hat also in the absence of all peb- 
bles, and in the much greater fineness of the sands. Throngh the 
washing of the waters against the shores, they were not only ground 
up, but they also lost almost entirely the oxyd of iron that tinges the 
quartz grains of the proper terrace formation. At the foot of the 
slope A B there is a collection of pebbles or stones, and for a short 
distance east of B, reddish sands ; the pebbles and sand evidently fell 
down the bank from the layers above, when it existed as an exposed 
slope before the beds of whitish sand were depoBit«d. These sands, 
moreover, were laid down in even layers, free from the oblique lami- 
nation that occurs in the terrace formation. 

3. Mitdfwmations in the Quinnipiac harbor. — Besides these shore 
formations, the old harbor had its mud beds. They are the clay beds 
situated along the borders of the present river flats or meadows under 
3 or 4 feet or less of sand: in these later times they have become the 
sites of numerous brick-yards. The clay beds vary in depth from 6 
or S feet to over 25, the bottom in some places not having been reach- 
ed at the latter level Where penetrated they are found to rest on 
sand. The clay is very thinly and evenly laminated. The beds have 
been opened at several points near the onter borders of the meadows, 
on both their eastern and western sides, through a length on each of 
about three miles. The width of the border of clay is reported 
to be from 100 yards to a third of a mile. The two ranges 
convei^e toward North Haven, where the harbor had its head, 
and where, moreover, the terrace formation becomes wider and crowds 
upon the river. The clay continues north, between layers of sand, 
under the lower part of the village of North Haven. I learn fri3m 
Mr. D. H. Pierpont, that in digging a well in the village of Nordi 
Haven, after passing through 7^ feet of sand, a bed of clay 4 feet 
thick was met with, the bottom of which was 8^ feet above the level 
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of the Qumnipuo river. This S^ feet was made up of fine quicksand. 
The clay was a sandy clay, or what the brick-makers call " weak clay." 
This welt is about 80 rods east of the depot. At two others, between 
the depot and the river, clay was fonod, and in one, there was at top 
4 feet of sand; then S feet of "weak clay;" and below quick-sand, 3 
feet of it above the level of higb-water in the river. 

The day beds, according to Mr. L L. Stiles, do not extend beueatb 
the deep muck of the great meadows ; on reaching the muck, instead 
of keeping at the same level, it dips downteard with a rather lai^ 
angle beneath the mack. What lies beneath the muck, whether clay 
or sand, has not been ascertained. In making the track for the Air- 
line railroad, which runs for nearly a mile and a half obliquely (north- 
eastwardly) across the flats, piles were driven to various depths, down 
to forty feet ; solid bottom was reached, but the nature of its material 

Over the region north of North Haven village, the upper plain or 
terrace is very wide and the lower relatively narrow, the reverse of 
what is true to the south. Moreover, the country is remarkably sandy, 
large fields of loose moving sands making part of the surface. These 
sands are the present top of the upper plain or terrace. When this 
region, in the Cbamplain era, lay at the head of the great Quinnipiao 
harbor near high tide level, it was in a condition to be washed over by 
the ranning waters, and tt is probable that the grinding and sifting 
then went on that robbed the sands of their feldspalhic and other 
softer gnuns; and that what the sands lost the harbor received as a 
contribution to the mud of the harbor, now the clay beds. 

The description of these beds of clay is here inserted under the 
head of the "Later events of the Chaniplaiu era." Hnt it is not at 
present possible to decide whether part, or even all, of the deposition 
may not belong to the early part of the era. We need to know some- 
thing more definitely with regard to the relative positions of these beds 
and the others of the drift-formation before apositive conclusion can 
be arrived at. The layers of sandy clay in the section at the cut for 
the Air-line railroad, represented in fig. 2 (p. 83), although 20 feet 
above the level of the meadows, may have some relation to the clay 
beds farther north. The fact that they have a dip toward the Quin- 
uipiac basin is a significant one, as intimated on page 72. 

What depositions were going forward at this time in the Beaver 
Pond basin, the central basin of the New Haven harbor, cannot be 
ascertained without an artesian boring. Such a boring would de- 
velop several &ct8 of interest; for the depth to the sandstone bot- 
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torn would give the depth of the original excavation ; that of the 
beda of sand over it, the thicknees of the drift derived from the gla- 
cier; that of any clay bed, or infusorial ted, or shell deposits, and of 
the peat, other important points in its history. The depth of the 
basin was small compared with that of the Quiiiniptac harbor, as is 
evident from the present level of its meadows. 

4. Denudation. — In this era of submergence, the sea breaking 
against the foot of Kast Rock and the other clifi^ of the bay, must 
have worn away the sandstone along the base, and thus carried for- 
ward the degradatiiAi of the trap dikes and sandstone hills which had 
been begun by the glaciers. The waves acted upon the region in front 
of Pine Rock both from the direction of the Beaver Pond basin, and 
that of the broad West River channel. The part of the Beaver Hills 
occupying this position being thus attacked on both sides would have 
been soon swept away and a free passage made across for the 
waters. This spot is now occupied by a portion of the New Haven 
plain, directly proving that waters communicated across from the 
Beaver Pond basin to the West River channel, or the reverse, as just 
stated; and the degraded condition of the front of Pine Bock is 
further proof of the action of the sea here supposed. The sweep of 
the tides across this region, would have some where made a tidal chan- 
nel ; and this channel, as the high terraces either side show, was that 
which after a while became, and now Is, the outlet to the Bearer Pond, 
along the north side of the Beaver Hills {see map). In like manner, 
a depression was made in front of the lai^er part of Mill Rock, by 
encroachments upon Sachem's ridge. The disjunction was not so com- 
plete as in the case of the Beaver Hills, because the central basin of 
the bay, the Beaver Pond, gave no aid through its currents and wa\'es, 
since it was remote from Sachem's ridge, while close along side of the 
Beaver Hills. As already observed, the streamlets descending the 
front of the Bocks after rains would have aided In the process of denu- 
dation, and with much greater effect after the elevation of the land 
which olosed the Champlain era. 

3. Life of the Cbamplaio Era. 
More than a score of years since, according to Mr. I. Lorenzo Stiles, 
the antlers of a buck were dug up at a depth of 10 or 15 feet at the 
Stiles clay-bed near North Haven village. Mr, Stiles informs us that 
they were those of the common species of deer. The specimen was 
deposited in the New Haven Museum, an institution which years 
since came to its end, and it has been lost sight of, so that the ftkct 
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with regard to its species cannot be verified. It is also stated by Mr. 
Stiles that iDipressions of leaves have been found in the clay. The 
muck at a depth of 6 to 12 feet has been foond to contain at places 
great logs and stamps, nuts and leaves, accredited popularly (and 
probably rightly) to trees of existing species. But these are subse-- 
qnent in age ; for the mack beds of the interior of the basin could 
not have been begun until the salt-water harbor had been mostly ob- 
literated by an elevation of the land. 

The above is all we have yet gathered from the deposits of the 
New Haven region with regard to the life of this era. It is certain 
that there is much more to be learned ; for there is good evidence of 
the existence of the JMastodon formerly in this part of Connecticut. 
While digging for the Farmington Canal in Cheshire, 13 miles north 
of New Haven, three or four teeth of a Mastodon were found, (Am. 
J. Sci., ziv, 187, XZ'iS) ; and long before, remains of the same animal 
were obtained near Sharon. Also later, a vertebra of a Mastodon was 
broaght to light in digging a canal for a manu&ctory in Berlin, the 
bone occurring in "a tufuceous lacustrine formation, containing 
bleached fresh-water shells of PlanorHa, Lymneea, Cyclas^ etc, sim- 
ilar to those of the waters in the vicinity." (Am. J. Sci., xxvii, 165, 
1835). This Berlin Mastodon existed as late as the Champlain era; 
for if of earlier time the lacustrine deposit would have been buried 
beneath drift, either the stratified or tinstratified. 



The work of the waves, tides and rivers went forward until the 
great drift formation of the bay and river valleys was completed. 
An elevation of the land then commenced which affected coteinpora- 
neously all Xew England, and, it is believed, a large part of the con- 
tinent, and bordered the rivers and lakes with terraces. This eleva- 
tion marks the transition to the Terrace or Recent era. 

1. AmouDt of E!levalion. 

In determining the amount of elevation of the land about the New 
Haven region, we have to take it for granted, not only that the plain 
was leveled off by the waters, but further, that a considerable part of 
its surface at the time nearly coincided with that of the water. The 
even character of the pl;iin shows that this is not an improbable as- 
sumption. 

The following are the results of the observations upon its level thus 
far made. The heights along the river valleys, the Beaver Pond ba- 
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sin, the valley of Pine Marsh Creek and the borders of the bay are 
&om approximate meaeurementB, by means of a hand-leTel, by the 
author. The rest are from the large map of the city, pabiiahed In 
1808, from surveys and drawings by Mr. S. W. Searl The distanceB 
flrom Oyster Point given are differences of latitude, or northings, m 
statute miles, and are derived from published maps. In reckoning 
the heights mean-tide level is taken as the base. The heights are not 
given of each parts of the terrace or plain as are obviously below the 
true or normal level (owing to river or tidal currents, or other causes), 
a fiict generally made manifest by neighboring portions being at their 
taW elevation. 

I. Height of the surfjwe along a nearly north-and-south coune 
through the middle portion of the New Haven plain, from Oyster 
Point, by the College Square, to the Beaver Fond Meadows, and 
thence, half a mile to the eastward along the valley of Pine-Maraii 
Creek, (or as it is sometimes called Pine-Swamp brook). 

N'ortblng* tram Orater Point. Helgtat of Tema. 

Oyster Point milea 2U feet 

In line with id., w. gf West R. " 24^" 

N. of Oyster Point 0-50 " 27 « 

HsJleck's Place, S. side' 0-75 " 30 " 

" N.side 0-87 » 30 " 

College St, front of S. College 1-85 " 38 " 

York street, corner of Broadway !i-00 " 4U " 

Besver Pond basin, 8. end 2-70 " 43 " 

Id., E. end of Miinson street Creek 2-80 " 43 •■ 

Id., W. end of Munson street 2-SO " 44 " 

Id., outlet, W. Bide 340 " 53* « 

Id., opposite outlet, on E. side 3-40 " 53*" 

Id., ftrther north, EL side 345 " 55*" 

Id., farther north, at rosd croMiDg 3'80 ■* 56 " 

P. M. Creek lalley, at southwest point 3-80 " 56 « 

Id. at road eroasing. N. W. of W. end UitI Rock 4-20 " 62 " 

Id., fcrther north 4-30 " 63 " 

Id., S. E. of Hamden Church 4-55 " 66 « 

Id., at moath of Creek 515 " 73 " 

* Tbe reader Is advised to put a letter H on the map (p. 41) t}iree.sixteeDtbs of an 
Inch, north of the letter O, west of the harbor, and the letters Q F on the point of land 
between the mouths of Hill River and the Qulimipiac. 
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IL Up West Kiver valley, 

0-ao 

CroasiDg of N. Y. nilroad 0-50 

End of WashingtOD atreet 0-63 

Grossing of Milford turnpike, W. mde 1-35 

North of Id. 1-4I> 

Above crossing of Oak sL, W. side I-8S 

Crossing of Derby tumpibe, W, side 
« " " E Bide 

Crossing at Westville, E. side 
Crossing »t Wertville, W. side 
Near Congregational Church, Westville 

nL Tip Mill River valley. 

Near Neck Bridge, east side, to highest point 

Suydam GrouodH, Whitneyville, W. aide 

Above dam, below 1st bridge, W. side 

Whitneyville Church 

N. of the Church 

Houth of Pine-Marsh Creek 

Above mouth of Id. 5-60 76 

IV". Up the QuiDoipiac valley. 

Foot of Third at, Fair Haven, near mouth of river 1-33 34^ 

Crossing of Shore-line R. R., W. side of river 1-80 40 

North of Id. 1-90 41 

Crossing of Air-line R. IL, W. side of river 2-SO 45 

At Noilh Haven 700 46 

y. Sonth of the latitude of Oyster Point. 

On the weat coast of the bay, 0-3^ m. south of Oyster Pout, the terrace is 24 
feet high; 0-43 m., 31 to 23 feet; 1-30 m., at the Savin Rock beach, only 8 feet, 
but about 300 yards north, 14 feet 

Id the following table the results in the preceding four tables are 
brongfat together for comparison. The Roman numerals I, II, III, IV, 
indicate the table from which the numbers below are taken. 



2^a 


41 


3-lS 


40 


3-] 5 


46-47 


3-15 


45-46 


8-45 


56-57 


a^» 


42 


3-30 


53 


3-90 


63 


4-40 


66 


4-55 


69 


5-15 


73 
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1-25 
1-33 
1-40 



1-90 
300 
2-25 
2-50 
2-JO 
280 
2-88 
315 
a30 
3-40 
3-45 
3-65 
380 
31»0 
4-20 
4-30 
4-40 
4-55 
515 



531 
55i 



37i 

38^ 



46-47 
56-57 



72 



The Beaver Pood Meadows end the vetle; of Pine-Manh Creek are natui«] 
levels, the former over a mile long, tlie latter three-fourths of a mile, each cod- 
tainiag a range of nearly still water along the bottom through this distance ; and 
heoce the height of the lerracei on either aide is ascertained with great facility. 
It has already been stated that in the latter this water level is determined by the 
Whitneyville dam, so that the height of the dam gives, after an allowance fur (he 
back-water rise, the height of the water above mean-tide level, even for that of 
the upper part of the valley weat of Mill Rock. The edge of the dam overwbich 
the water falls is 34 feet 8 inches above the base of the dam, according to Ur. 
Eli Wbitney; and the surface of the water a few yards back is 4 inches hi^er, 
making in all 35 feet for the whole height of the fall. The base of the dam is 
very near mean-tide level. The back water above the dam extends about 2^ 
miles, to within 300 feet of the dam at Augerville ; the incieaae in the height of 
the surface along this distance has been estimated to be about 6 inches a mile ; 
or IS inches for the whole distance, snd 81 inches to the mouth of Pine-Maish 
Creek. 

The elevation above mean-tide level of the wster-surlace in t)ie Beaver Pond 
Meadows near its outlet, is taken at 22 feet, in accordance with information re- 
ceived from Mr. Eli W. Blake as to the heights of the dams between the Beaver 
Pond meadon'S and West River. A few hundred feet above the outlet of the 
Beaver Pond baain, the meadows commence a rising grade northward, aa is obvi- 
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0118 ID the rippled surface of the little Btreanilet which flows along- it ; the increane 
of height thereby at the crogaing of the road to Pine Rock (3-80 from 0. P., in 
Table 1 ) is at least 3 feet ; and beyond this to the north tlie slope of the nieaJows 
tuns parallel closely with that of the terrace plain either side, the height of the 
plaJD, even to its northern extremity, above the meadows being quite uniformly 
3] to 33 feet 

The observatioDB show that the plain rises gradually to the north- 
ward. The average iiicreaee of elevation from Oyster Point to the 
mouth of IHne-Marsh Creek, a distance of five miles, is lo feet per 
mile. From t)yster Point to York street, two miles, it is Rj feet; 
and to College street nearly 7J feet ; from College street to the west 
end of the Munson street crossing of the Beaver Pond meadows, one 
mile, it is only 6 feet ; along the Beaver Pond basin, from its south- 
em end to the road which crosses it a little south of the line of Pine 
Kock, a mile in distance, the rice is 1 3i feet ; along the valley of Pine- 
Marsh Creek, the average per mile is about 12 feet. The slope for a 
mile north of College street, that is, between 1-80 and 2-80 miles in 
latitude from Oyster Point, is more gradual than either to the north 
or south ; and the same is true for a surface of like latitude near West 
river, on which the increase in elevation from Oak street {1-85) to 
Westville (3-15), 1-30 miles in distance, is only 8^ feet. 

The fact that the increase of elevation northward is hy a graduai 
ilope, and nut through a succeKsion of two or more abrupt terracef, is 
manifest along Dixwell Avenue (the road to Ifamden Plains). The 
Avenue lies to the east of the Beaver Pond Af eadows, and to the west 
of Pine-Marsh Creek, and extends northward in a nearly straight line, 
beyond the mouth of Pine-l\lar8h Creek; and hence any terrace 
would be apparent along its course, or in the fields either aide, if such 
ezixted. 

The observations prove the feet of an elevation of the land along 
this part of Connecticut after the Champlain era, the era in which the 
drift formation was made. They also appear to prove that this eleva- 
tion was greatest, by a nearly regular rate, to the north. But before 
arriving at any conclusions as to the amount of elevation, or its rate 
of increase northward, it is necessary to consider: 

J^it, Whether part of the slope above pointed out did not exist 
in the surface before the elevation began. 

Secondly, Whether part of the slope was not formed by the retreat- 
ing waters during the [irogress of the elevation. 

Thirdly, Whether part is not a result of a sinking of the more 
soQthern portion of the plain since the elevation. 
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(1.) Slops ANTBDATixa the ELSVAnoN. — There oan be no doubt 
that part of the slope antedates the elevation. This may be true of 
each end of the slope, that ie (A) the southern part adjoining the bay, 
and (B) the northern part. 

A. 7?ie Southern Part. — A slope in the sonthem part may have 
arisen (a) from the tidal currents with or without the waves, ^ded by 
the river floods; (6) from the wares alone; or (c) from increasing 
depth in the bay outward, and decreasing supply of sand, 

{a.) from tidal currents. — Oyster Point projects toward the 
Sound between West River and the bay, and in this exposed condi- 
tion would in all probability have been swept by the tides in such a 
manner that it would have &iled to be built up to the water's surface 
or to mean tide level. The eastern part of this Point for the last half 
mile is actually half lower than the western or that bordering West riv- 
er, owing undoubtedly to the action of the cause here mentioned ; and 
the western suffered also ; for, on the other side of West Jiiver the ter- 
race is 24 to 24ifeet high. Grape Vine Point, a mile and a quarter 
farther north in the bay, is another example of this effect, as observed 
on page 72, where the facts as to its little height over its middle, and 
the western or Mill River side, and the full height of the terrace on 
the Quinnipiac aide, are stated. Had the Point been a little narrower, 
it might have been low all the way across, so that it would have re- 
mained doubtful whether this low level was due to tidal currents or not. 
But the heights on the Qniniiipiac side are as great as those of the 
middle of the New Haven plain in the same east-and-west lines, so that 
tbey have nearly the normal elevation. They show, therefore, that the 
lower part of the Point is over 20 feet below the normal level, owing 
to the action of the great central tidal flow up the bay. Again, at 
the comer of State and Chapel streets, along side of the channel of 
the old East Creek, the present height is 15 feet, or about 22 feet be- 
low the full height for the latitude ; and this influence of the sweep of 
the tides is felt all the way nearly to an east-and-west line through 
the comer of College and Chapel streets. 

It is quite certiun, in view of these (acts, that Oyster Point was 
in no part built up to the water level How much to allow for the defi- 
ciency, we have not facts to determine. An allowance of 10 feet 
could not be too great; and this would give 81 or 32 feet as the 
height which the Point would have bad, if no such cause had ope- 
rated. 

If the surface of the plain at Oyster Point, corresponding to the 
original water level, is to be reckoned at 30 feet above the present 
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mean tide, then the slope normal for the whole of the plain to the 
soathem part of the Beaver Poml meadows, a distance of 2f miles, 
woald not have been over »ix feel a mile. 

6. From the vsaves alone. — The bay fiats are a direct continuation 
of the flood-grounds or lower flats of the rivers entering the bay ; and 
yet the former are leveled off at one-third tide, or lower, while the 
river flats and those of any sheltered coves may be very near high- 
tide level The flats in the bay, like those outside, are washed by 
the waveB and hence their lower level. If the surface is at one-third 
tide, as is the case with the flats off West Haven Point, there is then 
a difference of about 4 feet between their level and that of the flats 
or meadows along Mill river and the other rivers of the region. Con- 
sequently, in a rise of the land the surface of the river flats would he 
8 or tfeet higher than that of the unprotected bay flats. 

When, however, the river flats are wet meadows, made of deep 
muck and oozy mud, they will dry and sink, and may thus lose all 
their excess of height, unless the flats are of so soft a mud as to set- 
tle equally. In the latter part of last century the tides were mainly 
shut out &ora the upper part of West River by a dam along the line of 
the bridge of the Milford Turnpike (see map) and, as a consequence, 
the meadow north of the dam is 1^ feet lower than that to the south. 
Those who know the history of the changes there attribute the dif- 
ference of level to a fall in the surface from loss of water beneath ; 
and this was doubtless the true canse. But, in the case of the river 
flats of the Champlain era, there is no evidence that they were topped 
by muck meadows; for in all the sections exposed to view they 
carry their sandy layers quite to the top. We may therefore reason- 
ably assume that 3 to 4 feet of the excess in the height of the part of 
the plain leveled by the river floods above that of those along the bay, 
are to be attributed to the cause here explained. 

c. l^ope as a combined resuU of (a) the increasing depth of the 
waters Southward over the shallow border of the bay region , and (b) a 
decrease southward in the mipply of sand — the deposits as they extend 
southward consequently rising to a less and less height beneath the 
water's surface. The waters dropping their sands as they flow on 
through the bay wonld necessarily have had less for deposition about 
its outer portion. Part of the diminishing elevation of the plain in 
West Haven toward the Sound (p. 89), and perhaps something of that 
of Oyster Point, may have this explanation ; and the latter may have 
been the principal one of the two causes here included. 
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B. 77ie Northern part. — Somewhere across the New Haven region 
there was the limit of proper tidal action, or of the salt water flood- 
grounda, an irregular line bending north along the river valleys. 
[The northward betid for the rivers is much lesa than what the rise of 
the tides in the streams would seem to indicate ; since this rise m 
largely due to the fresh waters being dammed up hy the incoming 
tide; and in case of river floods, the fresh waters, and also something 
of the river slopes, may force their way to the bay, and even into it, 
in spite of the tides.] Whatever the position of this line, the plain 
to the north of it was made and leveled off by the river floods, and 
not by the tides. The slope of the surface in this upper part should 
therefore correspond with that of the waters in the flooded streams of 
the Champlain era. 

It would be a great convenience if the sea had left itfi mark well 
defined across the plain ; for then the present height of the former 
sea-limit would be easily ascertained Bat all traces of a line of beach, 
if such there were, appear to be obliterated. We are left, therefore, 
to approximations &om uncertain data. 

We safely conclude that the land now at 30 feet elevation was with- 
in the range of the sea, for this is the height directly on the hay, at 
Hallcck*s ; and further, that of 35 feet, for this is the height on the 
bay at the mouth of the Quinnipiac ; and, moreover, the whitish sands 
overlying the terrace formation on what was the shore of the Quinni- 
piac harbor (p. 84), have a height of 35 feet notwithstanding the de- 
nudation they have undei^one at top since their deposition. 

Again, the part of the plain between 38 and 44 feet in elevation 
above mean tide Is that which has the least slope, or is the most near- 
ly level : and above it, or to the north, the plain rises at the rate of 1 1 
to 12 feet a mile. There appears to be reason in this fact for placing 
low-tide, or mean-tide, limit near the line of 44 or 45 feet. If 44 were 
the low-tide limit, then high tide would have reached to the present 
fiO feet level ; and the terrace formation, in the Suydam grounds be- 
low the Whitneyville dam west of the river, 53 feet high above mean- 
tide level, might have been the work of the sea water alone. JF^fCy 
feet as the high tide limit, would correspond to a difference of level 
in this region between the Champlain and Terrace eras of 50 to Gl 
feet, since the surface of the present river flats at Whitneyville is at 
high tide level. 

Along the Mill River valley, above Whitneyville, the rising grade 
of 11 to 12 feet a mile for the plain continues not only to the mouth 
of Pine-Marsh Creek, but also nearly to Ives' Station; beyond, the 
rate diminishes to 10 and 9 feet, the latter occurring just below Mt. 
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CarmeL The height of the terrace-plain along Mill river is approxi- 
mately as follows : 

At WhitDeyville dam, (by calc.) . . 55 feet. 65 foet. 

1-40 m. N. of Wh., at month of P. M. Creek, 

(by calc.) 56 " 72 " 

2-25 m. N". of W., at Angurville . . 60 « 86 " 

4 m. " J m. S. of Ivea's Station 43 " 103 " 

4^ m. " at Itcb' Station, 41 " 108^ " 

5^ m. " Bonth of Mt. Carmel gap 36 " 115 " 

The heights above mean-tide level are obtained by adding the known 
height of the river at the several places mentioned (see page 10)) to 
the height of the terrace. The height corresponding to the position 
of the Whitneyville dam is deduced from that at the Suydam grounds, 
a sixth of a mile below. The slope of the terrace plain up to the sta- 
tion half a mile south of Ivea's station, according to the above, is 12 
&et a mile, the quotient from dividing the difference of 103 and 55 by 
4 (the distance). For the whole distance to Mt Carmel, the average 
is about 1 1 feet a mile. 

When it ia considered that the waters which leveled this plain were 
the same that distributed the sand and gravel of the drift formation — 
that, in other words, the plain is only the upper surfoce of the drift 
formation then deposited, it is obvious that the water, to have made 
each a slope over so wide a region, even to the shores of the bay, mast 
have been those of a flood of no common magnitude. For the last 
mile, the flooded waters of Mill River were united in one great tumul- 
tuous sea with those of western Hamden, or those of the several tribn- 
taries of Wilmot Brook, for the plain in this part has one level all the 
way aoropa, a distance of three miles. Such a flood could hardly have 
come from any soarce but a melting glacier, and must have been sim- 
ultaneous with the deposition of the material arranged by the waters. 

The evidence that the drift formation north of the line of Whitney- 
ville is attributable to the action of river floods, and not simply to an 
elevation of the land greatest to the north, is proved by the very dif- 
ferent level of the terrace formation in the same latitudes in the Quin- 
nipiac and Mill River valleys. 

In the village of Korth Haven the stratified drift, eatt of the river, 
has a height in St. John street (a road ascending the west slope of a 
hill) near the northeast angle of the cemetery, of 40 feet above the 
river at high tide, or 43 to 44 feet above mean-tide level in the bay. 
The terrace plun ia however poorly defined, and the hill rises grada- 
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ally eastward to 6H feet above high tide in the river ;* yet the limit 
of the stratified drift formation is well marked beneath the surface; 
for the material of the part of the hill above 44 feet is much more 
compact thatl that below, and abounds in boulders or large etoDea 
pronuBcuously distributed, (many of them over a foot in diameter, and 
some very distinctly marked with parallel grooves from abrasioa 
while in the foot of the old glacier),f showing plainly that it is 
unstratijied drift. 

On the west side of the Qninnipiac, the terrace plain (also here not 
very well defined) has a height of aboat 40 feet above mean>tide 
level 

Now this height of 44 to 46 feet (or perhaps 50 normally), at North 
Haven village occurs on the same east-and-west line with that of 103 
feet in the Mill River valley, ^f an eleuation of the land were the 
caute of the increme of height northward, the two should have been 
alike. The difference must be owing to the peculiarities of the two 
river regions. The Quinnipiac valley is that of a much larger river, 
has a much greater width as well as lei^h, and opens toward the 
bay with a breadth of more than a mile. Moreover it descends to 
within four feet of the level of the sea at Kortb Haven, foor milea 
farther north than Whitneyville, a condition owing to the deep ex- 
cavation of the basin in earlier time. The waters over such a bawn 
would have bees nearly level throaghout, with only a small rise if 
the floods descending it were very great. The terraces therefore 
should have been but little above those at the southern limit of the 
basin between East Rock and Fair Haven, which is the t&ct; and 
hence the wide diflerence in height above the sea from what is observ- 
ed in the Mill River region. 

The conclusion that the amount of elevation waa near 00 feet is 
sustained by the fact that the terraces on Mill River are at least 50 feet 
in height above the level of the river even as far north as Angurville, 
3^ miles from Whitneyville. The height of the terrace depends on 
the depth of the excavation after the elevation ; and if the slope of the 
river's bed after the excavation is just what it was before, (provided 
the slope of the land had not been changed by greater or less eleva> 

* Aooording to leveling by Ut. D. U. Pieipcmt Ad »verege tide rises 3^ feeL 
t The boulders Ijing od the surface in the southeast part of the Cemetery, (the part 
that is highest oa the slope of the hill) were thrown oat, as I leani fhmi lb. Jamea H. 
Thorpe, in eioavatioQs for graves. On the aosf slope of this hill (or that away from 
the river), the etratifled drilt, judging (Vom the loose sands of the surface, may extend 
• little higher than on tbe west side; but this pc«nt renuuns to be inTest<g»ted. 
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tion to the north,) then the interval between the level of the terrace 
plain and that of the present flood-plain of the river (47 feet at Augui> 
ville) would just equal that of the amount of elevation. But io fact 
the river's bed at Augurville is 3 or 4 feet above what is required for 
a restoration of the earlier slope (p. 101), and not more than one foot 
of this 6 or 7 can be attributed to the rise of the land being greatest 
to the north ; and hence 50 feet for the amount of elevation in the lat- 
itudes of Whitneyville and north to Aagurville cannot be too great. 

(2.) Slops uaj>e ddring the fboqbbsb of thb Elevation. — 
Since the sand-flats of a bay have their height determined by the 
tides and waves, and are thus kept, for the most part, below mean 
tide level, a rise of the region exceedingly slow in progress might re- 
sult in a wearing away of the surface at the same rate of progress ; 
and thus the height of the sand-flats wonld be lowered, as the rise 
went on. Bat the material washed off from the flats wonld be carried 
to the shore to extend the beach seaward. The relation of the beach 
to the sand-flats may be seen along the shores near Savin Bock. As 
the rise went forward, the beach wonld keep extending ; and as the 
beach attains a height by the accumulations, of only a few feet (three 
or four at Savin Rock) above high tide (the height of wave action), 
the final resolt would be a gradual seaward slope in the surface of the 
land, and one made during the progress of the elevatioa But in such 
a case beach accumulations would have been laid down over the land 
to a depth of six feet or more ; which would evince their origin by a 
dip in the layers of the lower part corresponding with the slope of the 
original beach, and an irregular arrangement of layers in the upper ; 
if not. also, in the presence of beach relica 

Now, over the New Haven plain, all the way to Oyster Point, the 
drift formation in the numerous sections has a uniform horizontal 
stratification to tlie very top. The sands of the upper foot or less are 
discolored by the growth of vegetation, yet they are in fact a part of 
the upper layer. An overlying beach formation is nowhere diutin- 
gnisbable. There is therefore no certain evidence that any of the sea- 
ward slope of the plain was produced by the method here explained. 

The facts tend to show that the elevation that placed Oyster Point 
and the land farther north above the sea was not slow in progress. 

(8.) Slope besulting fboh a later snrKiNO of tbx sea-uabgin. — 
The evidences of a later sinking of the sea-margin to be looked for 
are the following: (!) Old stumps, in the position of growth im- 
bedded in the flats or the shallow waters off the coast ; (2) 8ab> 
merged remains of human stmctnres; (3) submerged shell heaps 

ThiVA CoimOTiouT Acad., Vol. IL 7 Jaitda&t, 1810. 
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bearing evidence of man's agency in their accumnlation ; or (4) if 
the sinking ig one now in progress, it should be apparent in the fact 
that the waters have deepened in historic tunes over submerged rocks, 
or in harbors. No proofs of such a sinking have been observed, and 
no one among those who have bad the most to do with the coasts 
has snspected that any is now in progress. 

The fact that the plain extends quite to the western hills, without 
any higher margin or range of beaches along these hills, is the strong- 
est argument for the supposed sinking, that is, a sinking greatest to 
the southward. 

(4.) SlOPB RESttLTIMa FROM AN INCREASE IN THE AMOUNT OF ELE- 
VATION TO THE NORTH. — The great differences in the height of the 
driil formation in the Quinnipiac and Mill River valleys have shown 
that the slope in the surface of the latter is not due solely, or mainly, 
to an elevation of the land that was greatest to the north. The facts 
in Mill River valley would require, if this were the cause, an average 
increase in the rise northward of 1 1 feet a mile between Whitney- 
ville and Mount Carmel ; and those of the Quinnipiac, even taking the 
normal height of the terrace of North Haven at 50 feet, of but a foot a 
mile. Stilt it is possible that some part of the slope of the land is 
attributable to this cause, and even probable in view of the fact that 
the rise affected cotemporaneously all New England, and resulted in 
raising its northern portions, especially the northwestern, the most — 
the increase from New Haven, by Lake Champlain, to Montreal 
averaging Ij feet a mile. Judging from the increasing height of the 
terraces to the northward along the rivers of Connecticut and Massa- 
chusetts, it does not appear probable that the increase per mile in 
southern New England exceeded one fool a mile. Adopting this 
rate for the New Haven region, the average slope of the part of the 
plain along Mill River valley, south of Mt Carmel, would be reduced 
to 10 feet a mile, and that of the part of the Quinnipiac south of North 
Haven, nearly to a level surface. 

(5.) CONCLCSIONS WITH REGARD TO THE ElBTATION. — The follow- 
ing are the conclusions to which we are led with regard to the amount 
and character of the elevation. 

1. That it was rapid if not abrupt, at least for the first 25 £eet. (Pro- 
gress for a century or two would be geolo^cally rapid.) 

2. That it was 46 to 60 feet, probably 60, in amount. 

3. That the formation of the northern part of the plain, beyond 60 
feet in elevation is due mainly to the floods of fresh water filling the 
valleys and spreading widely over the plains during the melting of 
the great glacier of central New England. 
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4. That not more than 1 foot a mile of the increase in the angle of 
the elope is due to a northward increase in the araonnt of elevation. 

5. liiat part of the rapidity of slope in the lower portion of the 
plain below 40 feet in height, after allowing for a descent of the one 
foot a mile of §4, ia due to tidal, wave, and river action over the region 
of the bay; and part to increasing depth over the borders of the bay 
southward ; part to a decrease southward in the amount of transported 
sand. 

3. That part of the elope in the lower part of the plain may poaaibly 
be owing to a slow sinking of the land along the mai^n of the Soand ; 
but that there is no evidence that such a sinking is now in progress. 
1. That the level of the terrace along Mill River above Whitney- 
ville, and along the Quinnipiac north of North Haven may owe 3 or 
4 feet of its height, as compared with that more to the south, to the 
fact that the surface of the latter was subjected to wave action be- 
cause within the range of the bay. 

But may not this rise o/BO feet be only the Jinal condition qfter a 
teriee of otciUations of level f May not the land, when in conrae of 
elevation, have risen beyond 50 feet, even to 100 feet or more, and 
afterward have subsided to the present level ? It is possible ; for such 
an oscillation as this, performed in a brief period of time, would have 
passed unregintered. That the land has not stood at a level of 100 
feet or bo for any great length of lime in the Recent or Terrace era 
may be inferred from the fact that, both at the outlet of Saltonstalt 
Lake, and at the passage of Mill River through the Whitneyville gap, 
the trap dike over which the waters flow has not been worn away 
bdotB high tide levei. The gap intersecting the trap dike, (in feet a 
trap ridge) was in each case worn down toward its present condition 
in the Glacial era, as already observed. It is not at all probable that 
an elevation of the land could have again exposed both these valleys 
through a long period to the wear of waters flowing along them in 
rapids and descending in cascades of 50 feet or more, without at least 
one of them being worn to a lower leveL The trap at Saltonatali 
Lake is soft and easily decomposable. 

The rapids on West River for a mile above the bridge at Weat- 
ville, are evidence that the channel has not been excavated, since the 
Glacial era, to a depth mnch below the present bottom. 

It has been already stated that large stumps and logs occur in the 
Quinnipiac meadows. I am informed that it is a common thing to 
see them projecting from the banks at the very lowest limit of low 
water, or 5 or 6 feet below the level of the meadows; and some have 
been taken out and sawed into good boards. The wet meadows along 
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the rivers of Connecticut formerly were mostly under forests, and it 
ia probable that this was true of those of the Quinnipiac. But stumps 
could not commence their growth at such a depth, and hence the posi- 
tion of the stiunps and logs may seem to show that the level of the 
Qninnipiac meadows when these trees were flourishing, was a few feet 
at least above the present, and that consequently a slow sinking has 
taken place. The evidence appears to be sustained by the fact that 
the muck or peat in the meadows has great depth, for the lowest layer 
must have been near the present level of the meadows, when the 
plants of which it is made were growing. But the surface of a mea- 
dow may slowly subside, as growth goes on above, owing to the 
weight of the increasing accumulation of material ; and large trees 
are known to sink in soft swampy soil as they attain large dimensions. 
The evidence therefore as to the fact of even the small elevation which 
is here suggested, is quite doubtfuL 

2. Reaults of the EtovatioD. 
As a consequence of the rise, the rivers had at once a steeper slope 
than before to the sea ; and hence, having new force for erosion and 
transportation, they set about deepening their beds, and the level 
also of the lower Bats — making these lower flats mainly by encroach- 
ments on the terrace plain. They thus worked toward a restoration 
of the old slope at a lower level, or toward a slope still more gradual ; 
and in the process, they made for themselves deep cuts through the 
drift formation and left the upper surface of the formation as a high 
upper plun or terrace. Until this change, the stratified drift forma- 
tion was in no sense the terrace formation. 

Along Mill River, between Mt. Carmel and the sea, the cut made 
was 35 to 66 feet or more in depth, as is indicated by the present 
height of the old flood grounds, that is, the terrace plain. The height 
of the terrace above the river's surface is — 
A mile north of Whitneyville, (by calc) - - - 61 feet. 
At Augurville, 2j miles north of Whitneyville - 50 " 

i m. S. of Ives' Station, 4 m. N. of Whitneyville - 48 " 

At Ives' Station, 4^ m. N. of Wh. - ■ - - 41 « 
i m. S. of Mt Carmel, 6i m. N. of Wh. - ■ - 38 « 
The height of the surface of the river above tide level, as derived 
mostly from the height of the dams,* with an allowance of 6 inches 

• I am indebted for iufonofttioii on this point to Hr. Charles Holt The height of 
the Huocesuve falls of water, north of the 36-foat fall at WhitneTviUe, are (1) at Au- 
gurville, B foetj + mile above, Webbing Company'! dam, 8^ feet; \ m. above, Beers's 
Qiist MDl, B feet; near Ives' Station, James Ivea' dam, 10 feet; at the Ut Camel gap. 
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per mile for the rise in the back-water above the dams, and as much 
more for descent above AngurviUe not included in the folia of the 
dams, is aa follows at the different points here mentioned ; — 

2i m. north of Whitneyville, below the Augurville dam 36 feet 
4 m. N. of Whitneyville, ^ m. S. of Ives's Station - 60 " 
5i m. N. of Whitneyville, below the Mt. Carmel dam 80 " 
6 111. N. of Whitneyville, above the Mt. Carmel dam 92 " 
It follows from the facts that the present elope of the bed of the 
river is almnt IS feet a mile, while that of the terrace plain or old 
flood grounds varies from 13 to 9 feet a mile. The latter was the de- 
scent of the river in the Champlain era; and consequently the e - 
cavation which has taken place since the elevation closing that era 
has not wrought out m gradual a descent as the earlier, by one to Jive 
feet a mile, 1 foot a mile of tlie slope being taken as a result of an ele- 
vation of the land (p. 98, §4). 

The height of the terrace corresponding to the line of the Whitney- 
ville dam being 55 feet above mean-tide level (p. 96), its height above 
the S'irfaee of the river aa it stood before the dam was built would b« 
about 53 feet. Consequently, the amount of excavation that would 
be required at Augurville to restore the old slope would be 8 feet (50 
feet being the height of the terrace above the river's surface) at Ives' 
Station, 12 feet; below the Mt. Carmel gap, 5^ miles from Whitney- 
ville, 17 feet; below the dam at the gap, 6^ miles from Whitnejrville 
(where the terrace as deduced from the average slope in this part of 
the valley has a height of about 34 feet above the river's surface, 
though now abnormally lower), 19 feet. 

At the Mt Carmel gap there is a deacent of 12 feet in half a mile, 
owing to the hard trap rock lying in the way of the river ; but the 
terrace plain above appears to correspond in level with that below, 
that is, it has nearly the same slope and is almost in the same con- 
tiniiotis plain. For white the river here descenda 12 feet in half a 
mile, the depth of the cut made by the river through the terrace or 
drift formation north of the gap is only 28 feet — this being the height 
of the terrace plain above the river. The amount of excavation in 
this part of the valley would therefore have to be 27 feet. 

These numbers, as already observed, are only approximations. For 
exact results, the slope of the bed of the river and the heights and 
slope of the terrace plain shonid be a-icertained by more accurate 

F. Itea'a dnm, 12 foet; between tbe Urt two, B feet; in all 99 feet The baok-water 
of F. Itbb's dam is lexa tbao a fourth of a mile in length, and ita head about S miles in 
an air-line north of WbitnervDle. 
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methods than by the uee of a band-level, ordinary meaBurements of 
tbe heights of dame, and estimates only of the slope of back water. 

In the West River valley, the depth of the excavation made by the 
river is 45 to 48 feet in its lower part just above tbe limit reached by 
the tidcB, or near the Wiialley Avenue bridge ; but 1^ miles {in an 
air-line) up the valley, near the Pond Lily Paper Mill and beyond, 
it is only J or 8 feet. The river therefore, to within \\ miles of the 
tidal limit, has a hvei but 7 or 8 feet belotc that which it had in the 
Champlain era. The plain spreads across this part of the valley and 
stretches far northward. But although showing so little elevation, it is 
actually over 10 feet dove mean-tide level. The river has a descent of 
72 or 73 feet from the head of back-water of the Pond Lily dam to 
the bridge, a distance of 1 j miles, in an air-liue, which is equivalent 
nearly to S4 feet a mile.* There is also an unusually high angle of 
slope in the terrace plain of tbe valley, its height a mile and a half 
(rso m.) up the valley, being about 82 feet above mean-tide level; 
at 1-15 m. (Pond Lily dam), 72 feet; at 062 miles {below Parker'a 
Paper Mill), 62 feet; at 03 miles {near the Congregational church), 
58 feet ; or in all about 24 feet a mile. These striking peculiarities of 
West river, may come partly from the valley being comparatively 
narrow ; but they arise mainly from the fact that the terminating 
ridge of the Edgewood line of hills ciosses the course of«the 
stream juat below the Pond Lily Paper Mill, and the passage cut 
through it for the waters is shallow. Tbe bed of tbe stream in tbia 
part, as through all the region of rapids below, is made up of large 
boulders, and none of tbe schistose rocks of the Edgewood range are 
in sight ; but they must lie not far below. The teriace plain, standing 

• The falla above the WhaJIej Avenue bridge are as follova : lat dam, H feet ; 2d or 
Beecher's dam, B feet; betweea lat and 2d dams, 1 foot; 3d dam, orMHlloTf'e, 9 feet; 
above MallorjX {Parker'8 and the Pond Lily dama), 50 feet; in all, ^ii feet The 
terrace near Bccclier's dam la 42 foet above the level of the pond, and the pond is at 
aurface 13i or U feet above mean-tide level The average course of the river from the 
bridge northward is about northenet, so that in l| m. in its direction there ia only about 
I m. of northing, 

I ma; add here, as an addendum to page T6, that just west of the WlisUej avenue 
bridge, tbe oblkiiie lamination in some of tbe layers of the terrace fonuatioa Indicatea 
the existeuoe of a great river flood, or current southward, during tbe depoaitjon ; like 
thai which existed, according to similar evidence, In tlie Quinnipiac But east of the 
bridge, the oblique lamiuation baa Qie reverse dip, and thus aliows that, throughout 
the prc^jess of the deposition quite to its close, the sands were under the action of 
waves and Udel currents .^-^n tbe bay and not that of the river currents. This region 
east of the bridge, as the map ahows, la oulade of the Weatville valle;, the river bend- 
ing in this part quite tar to the eastward. 
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highneartheWhalley Avenue bridge, extends northeaetwardtoashort 
distance beyond Parker's Paper Mill, and then is interrupted by this 
Edgewood ridge, the level of the road rising from 6S feet, that of the 
terrace plain, to about flO feet. The ridge consiets, to a considerable 
depth, of drift, and many bonlders lie over its surface. Descending to 
the north, the terrace plain is again reached near Harper's Mill, 
but instead of being 39 feet above the bed of the stream, as near 
Parkers' Mill, il has the low height of about 8 feet above mentioned. 
After the ezcavatioos were completed to their modem limits, the 
movement of the tides ascended West River to Westville ; West 
Creek to Broad street; EUist Creek to Elm street; Mill River to 
Whitneyville ; and the Quinnipiac to two miles beyond North 
Haven. East and West Creeks were the drainage streams for the 
surface between Mill and West rivers ; and considering their little 
length, they were remarkable for the distance to which the tides 
ascended, for it was nearly half their whole length. They are now 
almost obliterated through the progress wiiich man's " improvements " 
have recently given to nature's grading proeessea 

The Beaver Pond depression even in the earlier Champlain era had 
become partly filled up (probably because originally rather shallow) i 
and after the elevation of the land its bottom was, as now, above the 
sea-leveL But the present height of the Meadows doea not give us the 
original level ; what this height was we shall not know until we have 
ascertained what part of the present 22 feet above the sea is occupied 
by peat or other formations of the Recent or Terrace era. 

At the same time that the rivers were cutting down their valleys 
the tides and waves were making encroachments on the coast deposits 
about the New Haven bay, and carrying forward a new system of 
tide-flats, sand-banks, and sea-beachee : and at this they are still at 
work. 

Moreover, over the land, lakes were made shallower, and many 
were reduced to swamps or wholly dried up. Some of the peat or 
muck bogs had their origin in these ewampa, while others date from 
the commencement of the Champlain era, if not before. The muck 
or peat of the Quinnipiac meadows must be mainly of the former, 
since in the Champlain era the region was deep under salt water. 
Part of what was formed along the borders of the old Quinnipiac 
harbor, however, may have begim in that earlier era, and if so, this 
part ought to indicate it by the remains of salt water grasses and 
infusoria. This remark applies also to the Beaver Pond peat mead- 
ows. 
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Through this elevation of the Terrace era over New England and the 
continent, by which rivers, lakes, and Beashores were every where 
bordered by terraces, millions of square miles of land were raised 
from the condition of low flood-grounds to that of elevated plains, 
fitted for fields, dwellings, and cities, for which purpose they were 
afterward to be used. The New Haven plain was thus made ready 
to become to man a means of happiness and improvement, and also a 
source of gratitude for so goodly a dwelling place, although its lander 
river is the Quinnipiac and not the Connecticut.* 

3. Life of the Terrace or Recent Mra. — Of the wild animals which 
once inhabited the region in this Terrace era, only a single relic has 
yet been found. A stick cut by a beaver, from the Beaver Pond 
Meadows, was formerly in the possession of Eli W. Blake, Esq., bnt 
it is now lost. 

Aboriginal man has left his heaps of shells at various points along 
the coast There is a layer of them beneath the turf, on the shore of 
the bay between Halleck's place and Oyster Point. Others occur at 
intervals in a similar situation at the top of the terrace bordering 
West River above Oyster Point, as far as the cut made for the New 
York railroad ; in West Haven, along the terrace near the mouth of 
West Kiver ; also, on and near the bay south of the mouth of West 
River, where the fields for a considerable distance from the shore are 
underlaid by them, so that the surface is thickly sprinkled with frag- 
ments of shells after ploughing ; on Grape Vine Point ; at the top of 
the high terrace on the west side of the Quinnipiac north and south 
of Fur Haven; also on the east of the Quinnipiac at various points, 
one of them at the comer of Church and Prospect streets in Fair 
Haven, just east of the Episcopal church, where a bed of this kind 
was laid open in digging a cellar for the honse recently built on the 
spot. 

The shells are either those of oysters, or the ronnd-elam, and not of 
the long clam. Below Halleck's, and on Grape Vine Point, they are 
mostly of the round-clam ; and at one place in the former region, many 
of the shells appear to have been burnt, and occur with fragments of 
charcoal. On the east side of West River, near the New York rail- 
road, and on the west side along the terrace at its mouth, and also 
just south of the West Haven ship yard, oyster shells are most aban- 

• See page 47. Saybrook has the mouth of the Connecticut river t« which New 
Haven had a Triaaao title ; and New Haven haa Tate College wbii^ Sajbcook lost, after 
16 p^ars of possession from its foundatioD. If Xew Haven bay were now the mouth of 
the Cotinecticut, the Bite of the New Haven pltun would be part of the bottom of the bay. 
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dant ; bnt farther south along the coast of West Haven clam shells 
prevail. At Fair Haven, the shells are mainly oyster shells. 

I have looki'd among these heaps thus for in vain for flint arrow 
heads and other Indian relics. 

Along the West Haven shore on the bay broken fihells of the scal- 
lop (Jlsc*e« irradians) and of the large " winkle" {Fidgw carica), are 
occasionally met with. Two bones were, foand among the shells that 
bad fallen from the edge of the terrace, which I have put into the hands 
of Professor Marsh, oiir paleeontologimt, for examination. One he re- 
ports is from the leg of a deer, and the other is probably from that of 
a wild goose. No distinct traces of charcoal or of burnt shells have 
been observed, except along the coast south of Halleck's place. The 
Indian evidently ate his clams as well as oysters in general without 
cooking. This is evident also from the broken condition of the clam 
shells. They look as if they had been treated like walnuts. 

The shell beds oilen lie directly ujion the brown or yellow sand or 
gravel of the drift formation, evincing that the Indian inhabited the 
plains before the alluvium had been covered with, or converted at 
top into, soil But no instance is yet known of their occurrence 
beneath any of the beds of the stratified drift, or under the drift of the 
hills. Tbey carry back the appearance of man in the region to the 
oommencement of the Terrace or Recent era ; and not beyond this. 

7. Wbus ra TB« New Hatbh plain.— Habd-pah bbheath ihb bat. 

There are two series of facts bearing upon the geological struc- 
ture of the New Haven region which should be here alladed to, 
although the subjects require farther investigation. One relates to 
the depth and source of the subterranean waters ; and the other to 
the existence and nature of a compact layer, or hard-pan, beneath 
the muddy bottom of the bay and the beds of the adjoining parts 
of the rivers. 

I. WsLts. — ^The following facts with regard to the sabterranecm 
waters of the plain, as illustrated by its wells, I have from Mr. D. 
W. Buckingham, and Mr. Pbilo Chatfield, whose personal observa- 
tions in this direction have been extensive. 

(1.) The water is spread widely beneath the plain, and is not 
collected in local channels; this accords with the sandy nature and 
korizontality of the deposits that afford it. 

{2.) The height of the water varies with the degree of humidity 
of the seasons, the extreme difference amounting to about two feet; 
it is ordinarily about three years in reaching its lowest level, and 
as many in regaining its highest. 
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(8.) Id digging welU, water is not usually found until a firm grav- 
elly layer is reached. 

(4.) Over the central portion of the New Haven plain, about High 
street, back of the College grounds, and to the north, water is obtain- 
ed wherever the height is near 40 feet, at a depth of about 26 feet — 
in other words, the upper limit of water, or the water-plain, is here 
about 14 feet above mean-tide level; and the height of any spot over 
this region being ascertained, the number of feet of excavation re- 
quired to reach water is at once almost exactly known. To the south- 
eastward the water-plain dips toward the bay; its height at the cor- 
ner of Church and Chapel streets, one-fourth of a mile from High 
street, (where the height of the surface is 20 feet) is 6 feet, or 14 be- 
low the surface ; and one-sixth of a mile farther southeastward, in 
State street near Chapel (where the height of the surface is 1 4 feet), 
it is about 3 feet, or 1 1 below the surface. Through Chapel street, 
between Church and State, and over the region either aide, the depth 
to water is 12 to 14 feet, and in State street 11 to 12 feet. On the 
southwestern border of the High street region, along Oak street, the 
course of the old West Creek channel, water rises nearly to the sur- 
face, or to a level of 12 or 13 feet above the sea, the laud here being 
low. Again In Grove street, on the other margin of the High street 
area, near the Cemetery, in the old Eatt Creek channel, the water- 
plain is 20 feet above the sea ; Sachem's ridge is near by. 

In contrast with the above, we find that to the northwest of what 
we have called the High street region, beyond Dwight street, the 
water-plain dips toward West river, and falls even below the mean level 
of the water in the river, or that of the bay. Thus out West Chapel 
street, not far from its junction with the Derby Avenue, (where the 
plain has a height of 37 to 40 feet), wells are sunk to a depth of 50 
feet before water ia reached ; the latter depth ia 10 feet below the 
level of the sea and of the river. I learn frofn Mr. P. Chatfield that 
the excavation for the well at the house now occupied by Mr. G. H. 
Scranton, near the residence of Mr. E. Malley, was carried to a depth 
of 45 feet. Again, out Whalley Avenue, at Hamilton Park not far 
from West River, the depth to water is 45 feet. But on Hudson 
street, west of the jail, on Whalley Avenue, the wells are only 26 feet 
to water. Hudson street is therefore within the limits of the central 
high-water region of the city, while Norton street is beyond it. 

In addition to these facts respecting subterranean waters derived 
from wells, there is another having an important bearing upon the 
subject connected with the great Beaver Pond depression. This ba- 
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dn, lying to the north of the High street region and but tfaree-ronrths 
of a mile from the College Square, is supplied through springs with 
&n ftbundant and perpetual flow of water, making a stream of consid- 
erable size, which has its mill privileges like the rivers from the hills 
(p. 53.) The level ie constant at about 22 feet above the bay. For- 
merly, before the deepening of its outlet, it stood at 24 feet, and 50 
years since its ponds often afforded good skating in winter. To what 
height the springs would carry the water, if the outlet were dammed 
up to a higher level, is not known. 

In this position of the Beaver Pond Meadows with reference to the 
plain, and m that of the adjoining Beaver Hills, we appear to have a 
partial explanation of the facts observed. The Beaver Ponds lie at 
the eastern foot of the Beaver Hills, and just southeast of the Pine 
Rock ridge. Now the dip of the sandstone in the Kew Daven region 
is almost uniformly either to the eastward or southeastward ; it is 
Boatheastward, as observation shows, in the western part of Pine 
Rock ; and probably south of east in the layers (now nowhere expo- 
sed to ^dew) that underlie the Beaver Hills. There can hardly be a 
doubt that the Beaver Ponds owe their waters chiefly to the dip or 
inclination of the strata in these hills, this being just such as would 
throw the main part of the water that falls upon them in that direc- 
tioa Further, the ISeaver Hills extend southward and cross Whalley 
Avenue in the vicinity of North and Norton streets, and probably 
extend under ground mnch farther south. They consequently make 
a western boundary to the northern part of what we have called the 
High street area. Hudson street and the jail are ea«t of the line of 
the Hills, and therefore, within the high-water area ; while Hamilton 
Park is to the west and far outside of il. It would seem natural there- 
fore that this area, having the water works of the Beaver Hills and Ponds 
on the north to aid the rains that fall over the surface in the wet sea- 
son, should be supplied with watei- freely, and at a considei-able height 
above the level of the sea; and at the same time that the region to- 
ward West River, to the west of the Hills, or of its line, foiling of 
benefit from the dip of the rocks, or from the Beaver Ponds, (or deri- 
ving less benefit, if any) should require deeper excavation to roach 
water. 

But the condition here explained can hardly be the sole cause of 
the difference between these regions; for the existence of so free a 
snppiy of water over the former would seem to require a partially 
hardened gravelly, or^lse a clayey, layer, ("hard-pan,") beneath to 
prerent waste; and the position of this layer would naturally afiect 



by Google 



]08 J. D. Dana on the origin of some of the 

the level of the water. But on this point we have no facts, eiuce the 
wells over the plain have never been sunk so deep as to reach euch a 
layer, nor even below a depth of forty feet. If the Beaver Pond de- 
presaion was once, as supposed, a central basin of the harbor, it ie 
likely that there is such a layer beneath. 

Some facts respecting Artesian WelU are mentioned beyond. 

2. Hard-pan of thk harbub. — The following observations on the 
hard-pan beneath the harbor consist mostly of information obtained 
through the driving of piles, and the sinking of Artesian Wells. For 
the facts derived from pile-diiving I am indebted mainly to Mr. C. R. 
Watcrhouse, whose occupation has given him numberless opportuni- 
ties for observation. 

a. At the head of the bay, near the foot of Greene street, in preparing 
the foundations for the Gas Works, a hard-pan layer was found at a 
depth of 31 feet below the level of the sea; the overlying material 
being harbor mud. The layer was 3 feet thick. On driving through 
it, by way of experiment, the piles went down through iO feet of mad 
or loose sand, without finding another hard layer. 

h. In the construction of the Chape) street bridge across the mouth of 
Mill River to Grape Vine Point, a little south of the Gas Works, the 
piles, starting from mean-tide level, penetrated 33 fe«t of mud and 
struck the hard-pan. The layer was so hard that the piles made bnt 
an inch or two at a stroke, and with 54 strokes did not go through it. 

c. At the steamboat dock, 120 rods farther south, the piles passed 
through 26 or 26 feet of mad before reaching the hard-pan. 

At the end of Long Wharf, two-thirds of a mile outside of the old 
coast line, and near the deep-water channel of the bay, the hard-pan * 
was reached at a depth of 45 feet below mean-tide level ; 13 of the 46 
feet being water, and 82 mud. 

d. In the construction of the new Long Wharf for the Canal railroad, 
situated only twenty rods east of the old I>ong Wharf, and extend- 
ing to the same deep-water channel of the bay, the piles, at the ex- 
tremity, and for the greater part of its length, as I learn from Mr. 
Tearoans, the Vice-President, were driven down 43 to 45 feet below 
mean-tide level, the longest being those between its middle and the land. 
Id driving other piles over the old Canal basin (which adjoins the wharf 
on the north) it was found that a region of very deep mud extended east- 
ward not far outside of the present line of yards and buildings, which 
was evidently the former submarine bed of the old East Creek chan- 
nel (whose waters it will be remembered, had their discharge into this 
Canal bagin at its head, just east of the old Long Wharf, and close 
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by the commeDcement of the new wharf ). lu the eastern comer of 
this basin, after crossing this mud-channel, a hard impenetrable bot- 
tom was found at 18 to 20 fathoms. 

e. In driving piles for the bridge of the New York Railroad, across 
West Kiver, toward its mouth, the hard-pan was found at a depth of 
3S to 40 feet ; and for the Derby Railroad crossing, a little farther 
north, at 25 to 30 feet; in one case 40 feet. In these, and other cases, 
the layer was not so thick but that the piles could be driven through 
it, and when thus passed, they descended many yards before finding 
good bottom again. 

/. The piles for the Air-line railroad, over the Quinnipiac meadows, 
found a hard bottom at a maximum depth of 40 feet. 

g. Last year piles were driven in the West Creek region, near the 
southeast comer of Congress Avenue and Oak street, which descended 
20 feet before striking a hard bottom. 

h. An artesian well sunk by the Messrs. Trowbridge on Long Wharf, 
about 350 yards outside of the old coast line, fonnd a supply of &esh 
water, bat slightly brackish, in a layer of gravelly hard-pan at a depth 
of 20 feet, or 14 feet below mean-tide level. 

t. Another artesian well, on the same wharf, but 400 yards &rther 
from the old coast line, made by Mr. Aaron Kilbum, nnder the direc- 
tion of Capt. S. J. Clark, found water at a depth of 56 feet. The 
boring (6 inches in diameter) passed through 28 feet of mud ; and 
then about the same thickness of earth resembling the ordinary sand 
beds of the plain, without any large stones; and the water at first 
rose to a height of 6 feet above the top of the whart Allowing for 
the height of the wharf, and the penetration of the hard-pan to a 
depth of 3 feet, the layer here lies 45 to 48 feet below mean-tide level 
The depth consequently was very nearly the same with that ascer- 
tiuned by ptle-drivmg at the end of the wharf. 

j. At the Staples Block Factory, on Long Wharf^ just north of the 
Messrs. Trowbridge, an artesian well was sunk by Mr. Kilburn to a 
depth of 45 feet below the surface of the whar^ or 39 feet below 
mean-tide level, and perfectly good fi^sh water obtained. The boring 
passed through 32 feet to the bottom of the mad, then through sand 
and gravel like that of the New Haven plain, in the course of which 
there were 2 feet of hard bine clay, a very hard hard-pan, as Mr. Kil- 
bam describes it. 

k. In another artesian boring, made by Mr. Kilbum, at the depot of 
the New York and New Haven railroad, east of the commencement of 
Long Wharf, good water, entirely free from brackishnees, ww obtained 
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at a depth of 68 feet, or about 60 feet belov mean-tide level. The 
boriDg passed through SQ feet of harbor mud, and, below this, through 
eea-ahore or worn tand, which was coarser below. The great depth to 
water at a point so far inside of the Trowbridge and Staples wells, and 
also the thickness of the deposit of mud, are accounted for by the 
fact that the place was jnst within the mouth of the East Creek 
estuary, 

[It may be added here, although not exactly relevant, that an arte- 
sian boring by Mr. Eilburn in Howard street, opposite KIcLagon & 
Stevens's factory, descended through 60 feet of quicksand, and struck 
the solid sandstone rock at a depth of 68 feet. The sandstone was 
that of the undei^ound slopes of Sacbein's ridge.] 

I, In Greene street, at the India Rubber Works, about 60 rods above 
the Gas Works, an artesian well was sunk, under the direction of Mr. 
H. Hotchkiss, to a depth of 2S0 feet But the existence of a hard 
layer was not noted, and is uncertain. The material passed through 
was mainly like that of the plain for 140 feet; then followed a bed of 
"splendid" clay, 14 feet thick; and below this the same esseutially 
as above. At the bottom the tubing was badly bent by striking 
against something supposed to be rock, and the boring was conse- 
quently suspended. It is not known whether the rock was solid sand- 
stone or a loose mass, 

1. The facts show that a hard layer, called hard-pan, may be reach- 
ed beneath the harbor, and the estuary part of the Qninnipiac and 
West Rivers, at depths mostly between 30 and 46 feet; that its 
depth along the north side of the deep-water channel of the bay is 40 
to 45 feet; that this continues to be its depth through nearly two- 
thirds of the line of the Canal railroad wharf (which is much farther 
shoreward than along that of Long Whar^ owing to the fact that 
Long Wharf was built out as the extension of a sandy point between 
East and West Creeks, while the new wharf is dtnated off the mouth 
of East Creek) ; that toward the shore the depth of the hard-pan gen- 
erally decreases. 

2. That the hard-pan is one of the layers of the stratified drift, 
that is, of that portion of the drift which was deposited over the bot- 
tom of the bay and rivers, 

3. That the layer varies in thickness; that it may generally be pen- 
etrated by a continued driving of a pile ; and when passed, the pile 
goes easily through a great depth of material before another hard 
layer is found ; and that this soft material beneath the first hard-pan 
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layer, although gometimee described as mnd, is probably wet nncom- 
pacted sand or gravel 

4. That the hard-pan may be in most cases the tatne particular 
layer of the drift formation ; hot that we do not know &cts enough 
to authorize the assertioa that this is true; or enough to establish 
satisfactorily its probability. 

5. That the hard-pan in some cases is probably a gravelly layer 
firmly compacted. The region north of the bead of the harbor, in 
the direction of the Uanal railroad and the Mil) River valley, is un- 
derlaid, as has beeu shown (p. 71) by a very coarse gravel, as the re- 
sult of the central tidal flow of the bay in coDncctiou with the cur- 
rents of the streams; and it is probable that this gravel-course ex- 
tends out beneath the harbor; and this may be the hard-pan layer 
that is reached by the piles. It would naturally have an inclination 
seaward, following the slope of the bottom of the bay. Along the 
valley of West River and that of the Quinnipiac, there were doubt- 
less similar gravelly layers formed below, through like means, which 
may be the bard-pan encountered in the beds of these streams. Yet 
this is only a suggestion, to be tested by future examination. None 
of the hard-pan has ever been brought up to the suriace, and nothing 
positive is known as to its nature or the cause of its hardness. It may 
owe its hard-pan quality to a partial cementing of the material by 
means of oxyd of iron, an ingredient always present in the sand and 
gravel and the somx^ of the prev^ling color, and often causing the 
watere that flow through them to become strongly chalybeate ; he- 
«des being a common cement among rock strata. But the coarse grav- 
el beneath State street and the Mill River region is in almost all parts 
very hard digging, owing to its firmness, and for thick beds perhaps 
nothing more in the way of firmness would be required than what 
here exists 

6. That the hard-pan layer is usually sufSciently water-tight, or 
close in texture, to carry fresh-water along it from the land, following 
its seaward slope, and thence to become a source of fresh-water for 
artesian wells in the harbor. The flow of fresh water in a layer be- 
neath the bay is evidence that this layer probably continues inland, 
and is a seaward part of a sloping water-bearing layer beneath the 
plain. The fact that the wells of the central and lower part of the 
New Haven plain generally descend into a gravelly layer is favorable 
to the view that the hard-pan is gravelly. Yet a layer of clayey sand 
is equally retentive of water, and will as well hold up the fresh-waters 
flowing seaward from the land ; and when the wells of the plain as 
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well as those of the harbor are farther inTestigated, it may be foand 
that there is an impervious layer of this character beneath the waters 
bearing one. 

We may add here one concluaion respecting East Creek. The facts 
teach that this eatuary has a deep nnder-bay channel; and such a 
chsQQel as could have been excavated only by &esh waters when the 
land was at a higher level than now. This era of higher level wag 
probably that of the old glacier. The 36 feet that were occupied 
with mad in the artesian boring at the railroad depot (p. 100, %k) are 
only a part of the whole depth of the excavation ; for the sands and 
gravel of the drift must lie beneath. The depth to which the mad ex- 
tends here and over the harbor is probably an indication of the depth 
of water in the channel and bay, in the later Champlain or earlier 
part of the Terrace or Recent era; and when the mud deposit has 
been sounded throughout we shall have some idea of the topography 
characterizing the bottom of the New Haven bay at that time. 
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No. L OCTPODOIDBA. 
Read, December 15th, 1B89. 

This article, which is intended as one of a series, is chiefly made up 
of notes and descriptions resulting from the study of the higher Ameiv 
ican cnutacea in the Museum of Tale College and the collection of 
the Peabody Academy of Science. Mention is made only of those 
species of which I have examined specimens and in regard to which 
there are some new or unpublisbed facts to offer, except where men- 
tion of sach species seemed needful for the proper understanding of 
new or imperfectly described forms. In the genus 6elarimtt», I have ' 
departed somewhat irom this course and have given the principal 
facts known to me, whether published or not, in regard to all the 
American species. I have not attempted to arrange the groups ac- 
cording to any zofilogicai system, but have merely taken up the fami- 
lies as convenience suggested. 

All specimens referred to, unless otherwise stated, are in tbe collec- 
tions of the Mneenm of Yale College. 

Family, Octpodidjc 
G'dlaaimua lAtreille. 

The species of this geons, like most terrestrial crabs, seem to have 
been neglected by collectors. This fact, together with the difficulty 
of distingnishing the species from females or yonng specimens, and 
the impossibility of determining, from the descriptions and figures 
alone, what species many of the older authors had in view, has led to 
onich confusion in the synonymy. Even some of the modem authors 
have published very imperfect descriptions of numerous closely allied 
species, neglecting to mention tbe form and ornamentation of the car- 
apax or ambulatory legs, which give some of the best characters for 
distinguishing the species. 

The genus, as at present constituted, is chiefly characterized by the 
enonnoosty unequal development of the chelipeds in the male. This 
nnsymmetrical development is not however confined to the chelipeds, 
hut extends to almost every part of the animal The carapax, in every 
Bpecies which I have examined, is more or less one-sided, the antero- 

Tiua CoHNBcncnT Acad., Vol. n. S Uabch, 1870. 



by Google 



114 S. I. Smith an American Cnatacea. 

lateral angle being more developed on the side of the larger cheliped. 
The ocular peduncle also is UBnally longer on this side, and in eome 
species is terminated by a slender stylet. This ocular stylet is quite 
remarkable, and appears to be a constant and important character of 
several species, Desmarest mentions it in a species which he de- 
scribes under the much misapplied name of vocans, but his descrip- 
tioH would imply that it was found upon both sides. Edvai-ds, in bis 
description of G. styliferus, mentions it, and tt is represented in his 
^urea, but his words also imply that it was not confined to one side. 
In Edwards' Histoire naturelle des Crustac^s, tome ii, p. 60, however, 
there is the following foot note : — " Au moment de mettre cette feutlle 
sons presse ; je re9oiB de M. T. Bel) la communication d'un fait que je 
ne puis passer sous silence. Quelques Gelasimes pr^sentent, k un cer- 
tain &ge, sinon tonjours, un stylet &. I'extrSmit^ du p^doncule ocnlaire 
du cdt4 de la grosse pince, tandis que l'<eil du cdt4 oppos4 conserve 
toujours la forme ordinaire." Tbia observation of Bell agrees with 
my own on quite a number of specimens of two species described be- 
yond, and it is quite probable that this is always the case. 

The described species of Getanmvs, as limited by Edwards and 
other authors, form two very natural and distinct groups, which 
should perhaps be recognized as genera, but upon which, for the pur- 
poses of the present paper, it is not necessary to impose new names. 

In the first group the front is contracted between the ocular pedun- 
cles BO that their bases approach very closely, and the peduncles them- 
selves are very long and slender. This includes Edwards' section A, 
in which the front is spatulate, and probably also, all of his section B, 
in which the front is very narrow between the eyes but not spatulate. 
In some of the species the meral segments of the ambulatory legs are 
armed with sharp spines, and with these species I have united the ge- 
nus Acanthoplax. 

In the second gronp, which corresponds with the section C of Ed- 
wards, the front is broad and evenly arcuate, and the bases of the 
ocular peduncles are thos separated by quite a broad space. The 
peduncles themselves are much shorter than in the species of the other 
section. The species are mostly small and exhibit a remarkable mii- 
formity in general appearance, so that it is difficult to distinguish 
them without careful study. 

A single species, described beyond, differs from both these groaps, 
in having the male abdomen only five-jointed and not narrowed at 
the second segment. The carapax is transverse and very little con- 
tracted behind. This species is evidently the type of a third very 
distinct group 



by Google 



8. 1. Smith on American Cmstaeea. 



The noinber of AmericaQ apecies now kaovn is quite Urge. Ed- 
wards, in his review of the Ocypodoidea in the Annales des Sciences 
naturelle for 1852, enumerates, including bia Acanthoplax insignia, 
eight species as appertaining to America. In 1866 Major LeConte 
described another species {G. minaas), and in 1869-60 Dr. Stimpeon 
added three others. In the following pages nine more are described, 
making in all twenty-one species known in the American faun». Of 
the species which I have personally examined none are common to the 
east and the west coast. Edwards, however, mentions one species 
( G. stenodactyha) as occurring in Chili and Brazil, but even in this 
instance there may hare been some mistake. The following list will 
illastrste the distribution of the species on the two coasts. The local- 
led specimens are followed by an 1. 

PACIFIC COAST. 
SMsmov A. 



G. ityliferut Edwards. 

Ecuador, 
(?. h^erapleurut, nov. 



ities from which I have 

ATLANTIC OOAST. 



G. pkOydactyba Edwards. 

GUUIDB. 

G. maracoani Latreille. 
Gnuma, BraiO. 



Central America! 
G. princeps, nov, 

Oentral America I 
G. armatuB, nov. 

Central Amerkal 
G, omatue, nov. 

Central America! 
G. insianit (Edwards, sp.) 

CML 



G.patuttris Edwards. 

AntiDea. 
&. minaee LeConte. 

Long Island Soond to Florida 1 
G. puffnax, nov. 

Iioag Island Sound to the W. Indies I 
G. rapax, nov. 

Asprnwalll 
G. mordax, nov. 

Bnuiir 
G. pugiiator Iistreille. 

UaBBachniietti to Florida t 
G, mb-cylindricaa Stimpson. 
n Oie Rio Grande 1 



G. breoifi-ong Stimpson. 

Cape St Lucas ! 
6. macrodactylus Edw. et Lucas. 



G. stenoda^yhu Edw. et Lucas. 

Chill 
G. Panammeie Stimpson. 

Panama! 



Central Amerioal 
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A. — ^teiet in whidt dU the ae-jmmta of (A< abdomen an uparaUd by diiftncf artiaita- 
tiom. and in which Iht front ii vary much oontraetid bttiMm the baia of the octtker 
ptdaadet and lomeiehat apatuiata inform. 

Gelasimus heterophthalmus, ap. qov. 

PUte n, figure 6, fl». Plate in, figure l-l^ 

Male. The carspax is §omeThat quadrilateral in outline, but the 
antero-lateral angle on the side of the larger cheliped is much produced 
laterally, so that the orbit is much longer on that dde than on the 
other and the lateral border strongly divei^eot. The dorsal eur&ce 
is smooth and shining, and convex longitudinally hut not at all late- 
rally. The branchial regions are very slightly swollen, scarcely high- 
er than the gastric and cardiac regions, and are separated from them 
by slightly marked sulci. The front is spatulate, contracted between 
the bases of the ocular peduncles and much expanded below. The 
superior border of the orbit is much excavated at the base of the oca- 
lar peduncle, and strongly arcuate in the middle, and has a very slight- 
ly upturned and entire margin. The antero-lateral angle on the side 
of the smaller cheliped, is angular but does not project either anteri- 
orly or laterally, while on the side of the larger cheliped it is broad, 
obtuse and projects very much laterally, as described above. The 
lateral mai^in is obtuse and its posterior part only is indicated by a 
faint granulous line. The npper part of the inferior branchial region 
is oblique, flat and very smooth, and is separated irom the lower por* 
tion by a slightly raised line running straight from the antero-lateral 
angle to the base of the third pair of ambulatory legs. The inferior 
border of the orbit is denticulate with minate, flattened and truncate 
teeth. The jugal regions are smooth and shining. 

The ocular peduncles are rather slender, slightly enlarged at the 
cornea, and the one on the side of the larger cheliped is consider- 
ably the longer and is terminated beyond the cornea by a very slen- 
der filiform stylet, much longer than the peduncle itself, and slightly 
flattened and expanded at the tip. There is no trace of a terminal 
stylet on the peduncle of the other side. 

In the larger cheliped, the anterior surface of the mems is smooth, - 
narrowly triangular in outline and considerably convex, the inferior 
margin is sharp and denticulate, and the superior margin is armed 
with a slight crest which is very low and entire for most of its length 
but quite high, and in some specimens slightly dentate, at its distal 
extremity. The carpus is short and its apper snr&ce is slightly ver- 
rucose. The basal portion of the propodue is ronnded and coarsely 
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and densely verrucose eztematly, the enperior and inferior margins 
are thin and dentate, and the inner surface is nearly smooth, excepting 
three, high, tuberculose crests, of which one runs obliquely upward 
from the inferior margin, one from the base of the dactylus along the 
margin of the depression into which the carpus folds, meeting the 
first in nearly a right angle, and another along the margin next the 
base of the dactylus, leaving a rectangular, depressed area between it 
and the lower crest. Both the fingers are smooth on the inside, quite 
long, compressed and high, and the prehensile edges are evenly tuber- 
cnlated and each armed with a single, stout, median tooth. The outer 
surface of the propodal finger is somewhat roughened with irregular, 
shallow punctures, the inferior edge is granulated and has a submar- 
ginal, granulouB line on the outer side, and the prehensile edge is armed 
with a stout tooth considerably within the tooth on the dactylus; 
the edge beyond this tooth is straight and closes evenly against the 
dactylus, but between the tooth aud the base it is deeply excavated, 
leaving a short and broad opening between the bases of the fingers. 
The dactylus is smooth on the outside, except a small space at the 
base, its superior edge is entire and smooth, and the prehensile edge 
is nearly straight, tuberculated and armed with a stout tooth a little 
beyond the middle. 

Id the smaller cheliped the merus is slender and somewhat trique- 
tral, and the superior and exterior angles are sharp. The carpus is 
short, OToid in form, and smooth and rounded externally. The hand 
is slender, and the fingers long, flattened at the tips, and the angles 
clothed with hairs. 

The ambntatory legs arc smooth and unarmed. 

The abdomen is contracted at the articulation of the first with the 
second segment, aud the edges are straight from the second Eegment 
to the terminal, which is broad and obtusely rounded at the extremity. 

Foot specimens gave the following measurements : — 

1. 3. 3. 4. 

Lenpth of earapm, 18-7"™ IS'S""" IS-Jo"" 18-9>™ 

Breadth of " 32! 323 800 21-2 

Ratio or length to brendth, . - . - ]:1-13 l:]'7e 1:1'6S 1:1'61 

Length of larger band, 484 53-B 430 375 

Length of ocular peduDcle on ude of smaller chelipe<l, 14'0 1)'3 H'9 12'3 
Length of ocular peduncle on side of laiget cheliped, 

excluding stylet, 162 16-3 16'0 138 

Length of terminal stylet of ocidar peduncle, - 19'4 20 10 + 

In numbers 3 and 4 the ocular stylets are broken and partly wanting. 
Quite a number of specimens are in the collection of the Peabody 
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Academy of Science, all obtuned at the Gulf of Fonseca, west coast 
of Central America, by J. A. Mc^ieL 

This species is apparently closely allied to the G. ttyliferu», but 
the ocular stylets in that species are very short, and the hand, as 
figured by Edwards, is shorter and higher iu proportion than in our 
species. The description of 6. ityliferus is, however, too short to 
permit of a detailed comparison of the species. 

QelaStmuS StyllibrUS Edwards. 

OAmrnv) platydaetiiiiu Edwards, BSgoe anliiial de OuTier, 3i»* Mit, Cnut., pL 18, 

flg. 1 ■, non Hialoire uaturalle des CruBt, tome ii, p. 61, 1S31, {teiU Edwards). 
OtIatinMt atiiif«rv» Edwards, Amiales des ScisDoeB naturelle, So" tMfi, Zoolo^ 

tome zviil, 1S62, p. 145, pi. 3, Sg. 3. 

The following is the description given by Edwards : — '■ Esp^ce tris 
voisine du Q. platydactylua, raais ayant le crSte marginale du bras 
moins d6velopp4e et les podophthalmites terminus par un petit stylet 
comme chez lea Ocypodea. — Guayaquil." 

Gelasimus heteroplennis, "p- qot. 

Plate II, figure 7. Plate III, figure 2-2*. 

Male. The carapax ia quadrilateral in oatline, but the antero-Iateral 
angle on one side is produced as in G. heterophthalmus. The dorsal 
surface is slightly granulous, quite flat anteriorly and only slightly 
convex posteriorly. The branchial regions are not at all swollen but 
are separated from the gastric and cardiac regions by deep sulci The 
front is spatulate aud expanded below the bases of the ocular pednn- 
cles. The superior border of the orbit is arcuate in the middle and 
has an upturned and slightly crenulated margin. The antero-lateral 
angle, on the side of the smaller cheliped, is acute and projects slightly 
forward, while on the side of the larger cheliped, it projects laterally 
as a very prominent obtuse tooth. The lateral mai^ins are angular 
and armed with a very marked line of sharp graimles. The upper 
part of the inferior branchial region is smooth and nearly perpen- 
dicular. The inferior border of the orbit is thin and denticulate with 
minute, flattened and truncate teeth. The jngal regions are grannloos. 

The ocular peduncles are slender, much enlarged at the cornea and 
the one on the side of the larger cheliped is much longer than the 
other and is terminated by a slender flattened stylet about as long as 
the eomea. 

Id the larger cheliped, the anterior surface of the merus is narrow, 
somewhat convex, and smooth, its margins are minutely denticulate, 
snd the superior one ie armed with a narrow crest-like process at the 
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(Uatal estremitj. The superior snrtiioe of the carpus is flattened and 
gi-unnlouB. The outer surface of the basal portion of the propodns 
is thickly rerrucuse, the verrucs9 near the upper margin being coarse 
and tubercnliform, the inner surface is armed only with the oblique 
tubercular crest running from the inferior margin. Both fingers are 
smooth on the inside, compressed and short, being but little longer 
than the basal portion of the propodns ; their prehensile edges are 
evenly tubercular, each armed with a tooth a little way from the tip, 
and nearly straight, but widely separated at base, leaving a broad, 
open space within the teeth, but beyond the teeth, the edges meet 
and the tip$ hook by each other. The outer surface of the propodal 
finger is grannlous or minutely verrucose and the inferior edge is 
minntely tuberculated and has a submarginal crest on the onter side. 
The outer surface of the dectylns ie grannlous like the other finger 
and the superior edge is somewhat tuberculated or denticulate. 

The smaller cheliped and the ambulatory legs are very much as in 
G. heterophthalmua. 

The abdomen is quite similar to that of G. heterophthalm'ut, but is 
more narrowed toward the tip and the edges are slightly concave. 
Length of oftTspai, ..... iB-an"" iBS™™ 

Breadth at " ..... 2S-0 2S'6 

Ratio of IsD^h to breadtli, .... I;|-GB1:1'6S 

Length of larger hand, ..... 32-Q S6'0 

Length of ocular peduuda on Bide of Bmaller dieliped, lO'l 

Length of txular peduncle 00 nide of larger cheliped, excluding 

stylet, .-...,. 12-0 123 

Length of terminal stylet of ocular peduncle, - - 2'B 2'8 

I have seen bat two specimens, both obtained, with the other spe- 
cies mentioned, by Mr. McNlel, at the Gulf of Fonseca (Collection 
Peabody Academy of Science). 

In the length of the ocular stylet this species agrees with the 6^. 
tytijerus, but the merus and hand in the larger cheliped are very 
diflerent, and at once distinguish it from that species. 

The Gekuimug vooans of Desmarest (Considerations g^n^ralee but 
la Class dea Cmstac^s, p. 1 23) seems to be distinct from any of the 
species descibed by recent authors and apparently belongs in this 
section, as it is distinctly stated that the ocular peduncles are ter- 
minated by stylets. Edwards refers it to his G, paiustrit, to which it 
evidently cannot belong, but, as the character of the front is not 
stated, it may possibly belong in section B, forming in that case a sub- 
section with ocular stylets. 



by Google 



120 S. I. Smith on American Crustacea. 

Desmareat'a deacnption is as follows : — " Carapace anie, arec le bord 
ant4rieur einuetu ; Rerre di'oite ordinairement ploB grande qne la ganche ; 
toutesleadeus^tant fiDement chagrin4e8 en dehors, avec une ligne en- 
fonc^e oourte, prSs de leur extr4mit6, et ayant leurs doigta longs, 
4troitE, tr6B-4cart4B entre enx, udU, oompiim^e ; p^doncules oculaires 
pourrna & lenr ezlr4mit6 d'une poiote aiguS. Des Antilles." 

Oelasimua piinc.ps, ap. dot. 

Plate II, figure 10. Plate III, figure 8-3°. 

Male. The carapax la in the form of a trapezoid much contracted 
behind, and the dorsal surface is smooth and shining. The branchial 
regious are somewhat gibbous, are higher than the gastric and cardiac 
regions and are separated from them by deep sulci The Iront is 
spatulate and much contracted between the bases of the ocular 
peduncles. The superior margin of the orbit ia strongly curved, the 
posterior margin is slightly raised and minutely denticulated, and the 
outer angle projects laterally aa a very prominent triangular tooth, 
which is considerably larger on the side of the greater chelipcd than 
on the other side, so that the carapai is somewhat un symmetrical. 
The lateral margins are marked by sharply granular linos which 
curve slightly inward and rapidly converge poateriorly. The upper 
portion of the inferior branchial region is quite oblique, flat and 
smooth, and ia separated from the lower portion by a slight, granu- 
lated line. The inferior margin of the orbit is armed with about 
twenty-five small, compressed and truncate teeth. 

The ocular peduncles are unequal in length, the one on the side of 
the larger cbeliped being the longer, very slender but considerably 
enlarged at the the cornea and shorter than the broad, open orbits. 

The larger cheliped ia enormously developed, the hand being nearly 
three times as long as the carapax. The anterior surface of the menis 
ia flat and smooth, and its auperior margin projects into a thin, high, 
evenly arched and aharply dentate crest, and the inferior angle is 
armed with a line of small and closely set spines. The upper surface 
of the carpus is rounded and verrucose and the inner margin is angu- 
lar and denticulate. The basal portion of the propodus is rounded 
and coarsely verrucose externally, the s.iperior margin projects as a 
thin crest beneath which the carpus closes, the inferior mai^n is 
dentate, and the inner sui'facc is smooth, excepting two tuberculoso 
crests, of which one runs obliquely upward, from the base of the 
dactylus, along the margin of the depression into which the carpus 
folds and meets the first crest iu a right angle. The fingcra are much 
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compreseed and very long, the inner aarfacea are smooth, and the pre- 
hensile edges are very tuberculose and each is armed with a stent 
tooth near the middle, the tooth on the dactylus being a little nearer 
the base than the other; within these teeth the prehensile edges gape 
widely leaving an ovate space, while beyond the teeth, the edges meet 
and are nearly straight almost to the tips, which, however, are strongly 
carved. The outer surface of the digital portion of the propodus is 
nearly smooth bnt has a submarginal, crennlated crest below, and the 
inferior margin is denticnlate. The outer surface of the dactylus is 
somewhat vermcose and the snperior edge is denticulate and slightly 
margined toward the base. 

In the smaller cheliped, the mems is slender and somewhat trique- 
tral and the snperior and exterior angles are sharp and granulated. 
The hand is very similar to that of G. htterophthcUmua. 

The ambulatory legs are stout and nearly naked and the meral seg- 
ments are somewhat compressed and their edges sharp and minutely 
denticulate. 

The abdomen is broad, the basal segment is considerably shorter 
than the second and third, the edges approach each other somewhat 
at the junction of fifth and sixth, and the terminal segment is nearly 
twice as broad as long and its extremity is rounded. 

Five specimens give the following measurements : — 
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I have examined a large number of specimens of this species col- 
lected at Corinto, on the west coast of Nicaragua, by J. A. McKiel, 
{Collection Peabody Academy of Science). 

There are three female specimens of Gelaaimus collected at the 
same locality by Mr. McNiel, which probably belong to this species 
although they differ quite remarkably from it. The carapax (Plate II, 
figure 8) is not so mnch narrowed behind as in the males, the dorsal 
sarface is etenly convex and thickly covered with rounded grannies, 
which are quite coarse along the lateral borders, and the branchial 
r^ons are not raised above the gastric and cordiac regions, and are 
separated from them only by slight sulci. The sides of the carapax 
are perfectly symmetrical, the anterior angles are prominent and sharp, 
and the lateral margins are marked by sharp crests of bead-like 
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granales. The jugal regiona are granulous. The ohelipeda resemble 
very much the smaller <;heli|>ed of the malea but are rather smaller 
in proportion. The abdomen is broadly elliptical and there is a line 
of granules on the basal aogment. 
Two of these specimens give the following measurements : 

Length Dt etnpu. Brodtta of eaniiut. Batla. 

ai-Sn™ 338 1:1-66 

16-2 33* lilSl 

Under the name of Q. platydactylut, SausBure* mentions a species 
from ^lazatlau, Gulf of California, which I should refer to this species 
without hesitation, did he not state that the carpus was bituberculate, 
a character which does not apply to any species of Gelatimut which 
I have seen. Saussure's notice is as follows: 

" Qelaiimiu platydactylu*, Latr. — Presque entiSrement semblable 
aux individuB de Cayenne, si ce n'eat que le carpe est bitubercuU, et 
que la grande crfite du bras est dentel6e, non enti^re." 

Q^lasimus platydactylus BdwanU. 
t Canoer vooant mojor Herbal, Naturgeadiiohte det Erabbeu nnd Erebw, Baud i, 

p. S3, Band Ui, erstee Belt, p. 39, Tab. 1, dg. 1 1 (after Seba). 
t Oegpoda htteroduhs Bosc, Hiatoira oaturelle des Orustacia, tome ii, p. 197, 1802. 
f (MofinttM marwocati Deamaroet, Consid^ratioas gdneralss but la Claaa den Crustac^ 

p. 133, 1836, (not) LatndUe). 
Oetmmua plalydelf/liit Edwards, Histoire uaturelle des Crust., lome ii, p. 61, 1837 ; 
AnDalea des Scieaoesofttiirelle, 3'" s^rie, Zoologie, tome iviii, 1862, p. 141, pL 3, 
flg. i- 
The synonymy of this species is in much confusion. Eldwards 
quotes llerbst's and Seba^s figures without query as belonging to hia 
G. plfUydactyhu and refers the OeypoeUi helerocheloa of Bosc to the 
O. maraeoani. Bosc's description however appears to have been 
drawn up irom Herbst's or Seba's figure, and if these figures really 
belong to Edwards' species, the name heterochelot should be restored 
and the species should stand as Gelattmus heterochelot. The rough- 
ened or vermoose character of the carapax in Herbst's figure is a 
marked feature which is not mentioned in either of Edwards' descrip- 
tions, so that it is quite likely that Hose's fteterocheloa may be distinct 
Irom EMwards' species. Edwards gives Cayenne as the habitat of 
O. pkUydactylut. 

As described and figured by Edwards, this species differs from 
Q, princ^ in having the superior crest of the mems of the larger 

* Desoription de quelques Grustac^ nouveaux de Is cfite nccideatale du ICeiiqae. 
Bevue e( Uagadn de Zoologie, 3« siiie, bmie v, 1S63, p. 3S3. 
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cheliped entire, the band much shorter and the fingers gaping for the 
whole length, and wanting the stout tooth on the prehensile edge of 
the propoduB. 

Q^lasimus maraooani Laireiiie. 

Maraeoami, Man^nve de Liebatedt, Ilistoire renim DBtuntlium Bratnli^, Qgure. 
Ocypoda maracoaia Latreilla, Hiatoire deB Cnut et Insectes, tome vi, p, 4S, 1803. 
Gunopka maraciNMi Lamarck, Elistoire naturelle des animaui sans TertSbreB, 2" ^t., 

tone r, p. 465. 
Oelasimia (nordcoani Latreille, Noaveau Dictioonaire d'Hiatoire naturelle, 2* ^it , 
tome zii, p. 517, I81T; Bacyclop^ie m^lliodiqaa, pL 296, Bg. 1 ; Edwards, His- 
toire naturelle des Crust, ti^ae ii, p. Bl, IS37 ; Aonsles des Sciences naturelles, 
Sme B^rie. Zoologie, tome xviii, 1S6S, p. 114, pL 3, flg. 1; Dans, United States Ex- 
ploring Expedition, Crust., p. 31S, ISS2. 
S^d to inhabit Cayenne and Brazil. 

Very likely two or more species are still confounded under the 
name of maracoani. Keitber Edwards nor Dana mention any spines 
on the meral Begmenta of the ambulatory legs, while in Latreille's 
figure in the Encyclop6die m^thodiqtie there are short spines repre- 
sented OD the posterior legs. 

Gelaaimus aimatus, ep- iot. 

Plate II, figure S. Plate m, figure 4-4^. 
Male. The carapax is only slightly convex and very little narrow- 
ed posteriorly, and the dorsal surface is naked and deeply areolated. 
The gastric and cardiac regions are smooth and shining, and the car- 
diac is large and very prominent. The branchial regions are promi- 
nent and their surfaces smooth but covered by very distinct, raised, 
vein-like markings which branch off in an arborescent manner from a 
conspicuoaa central trunk. The front is small, spatulate, contracted 
between the bases of the ocular pedunoles and expanded below. The 
superior border of the orbit has a strongly raised margin, ite edge is 
slightly sinuous and the antero-Iateral angle prominent, the one on the 
side of the smaller hand being directed forward and the one on the 
side of the lai^er hand being more prominent than the other and di- 
rected strongly outward. The anterior part of the lateral margin is 
longitudinal, so that the breadth of the carapax is scarcely more be- 
tween the antero-Iateral angles than a short distance posteriorly ; at 
the posterior extremity of this longitudinal portion, there are two 
small, but prominent, marginal tubercles, from which a granulated 
line extends to the baaex of the posterior legs, where there is another 
small rounded tubercle. The posterior margin is straight, smooth and 
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unarmed. The inferior margin of the orbit ia armed with fifteen to 
eighteen slender, compresaed and truncated teeth. The jugat regions 
are swollen and smooth, but their surfaces are veined somewhat as the 
regiouB above. 

The ocular peduncles are unequal in length, the one on the side of 
the larger cheliped being the longer, are very slender, but considera- 
bly enlarged at the corina, and shorter than the broad and open orbits 
which they only partially fill. 

The larger cheliped is enormously developed, the hand being high 
and lamellar, and exceeding, in length, twice the length of the carapax. 
The ischium is armed above and below with a small, mar^nal tuber- 
cle. The merus is smooth and rounded posteriorly, the anterior sur- 
face is fiat and smooth, the inferior angle is armed with scattered tu- 
bercles, and the superior angle rises into a low crest toward the distal 
portion, and is armed with slender tubercles. The carpus is smooth 
and rounded, but is armed with one or two small tubercles at the prox- 
imal extremity of the inner margin, and there are several tow taber- 
eles on the outer surface. The basal portion of the propodua ia short ; 
the inner surface is smooth and unarmed, except with a prominent tu- 
bercle near the middle, from which a line of obscure tubercles extends 
along the slight, oblique ridge to the inferior margin ; the outer sar- 
face is covered with very large, depressed, smooth tubercles which are 
separated by considerable spaces ; and the inferior margin is thin and 
armed with dentiform tubercles. The digital portion of the propodus 
is thin and very broad toward the base; the inner sur&ce is smooth 
and somewhat concave ; the outer surface is flat and very coarsely 
punctate ; the inferior edge is denticulate and slightly margined on 
the outside ; and the prehensile edge is straight, except a slight exca- 
vation at the base, is armed with very small marginal tubercles and a 
high, tubercular, median ridge, and at the extremity, with a slender 
tooth. The dactylus is broadest toward the extremity ; the inner sur- 
face is concave and smooth ; the outer surface is flat and nearly 
smooth ; the superior edge is arcuate, thin aud slightly denticulate ; 
the prehensile edge is straight, closes closely against the propodal fin- 
ger, except the slightly excavated portion at the base, and is armed 
with three lines of tubercles, like the propodal finger, except that the 
inner, mat^ual line is separated from the median line by quite a wide 
space toward the tip, and that one of the tubercles, about two-fifths 
of the way from the base to the tip, is much larger than the rest ; and 
the tip is armed with a tooth projecting perpendicularly downward. 

In the smaller cheliped, the merus is slender and its anterior edge is 
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armed Trith three spiniileB. The hand ib slender, and the fingers are 
long, flattened at the tips, and the angles clothed vith long hairs. 

The ambnlatory legs are Btout. The merus is smooth and unarmed 
in the first pair, bnt in the three last pairs, its posterior edge is 
armed with slender spines, — five in the second pair, six or seven in 
the third, and three short ones on the fourth or last. 

The abdomen is quite similar to that of O. princepa. 

length of carapax, SS-Z""; breadth of carapax, as-S""; ratio of 
length to breadth, 1 : r4l. Total length of propodus in larger cheli- 
ped, eo-O"". Length of dactylus, 45 -e""; breadth of daotylns. 

The only specimen of this species which I have seen is in the col- 
lection of the Peabody Academy of Science, and was obtained at the 
Gulf of Fonseca, West Coast of Central America, by J. A. McNiel. 

The larger hand in this specimen resembles very much the figure of 
the hand of O. maracoani given by Edwards in the Annales des Sci- 
ences naturelles, 3"" s^rie, tome xvLii, 16S2, pL 3, fig. 1", bat the car- 
apax and ambulatory legs seem to be very difierent from that species, 
as neither Edwards nor Dana mention, in their descriptions of 6. mar- 
acoani, the peculiar sculpturing of the branchial regions, Che tuber- 
cles of the lateral margins or the spines of the ambulatory legs which 
are so conspicuous characters in G. armaiiu. Id these characters it 
approaches the genus Acantkoplax, as described by Edwards. 

OelaBlmuB omatus, Bp. qov. 

Plate II, figure 9-0*. Plate HI, figure 9-5°. 
Female. The carapax is narrow and the greatest breadth is be- 
tween the antero-latcral angles, it is convex longitudinally, but only 
slightly laterally, and the dorsal surface is vemicose, some of the ver^ 
mcie, especially on the branchial regions, being large and depressed, 
l^e regions are not swollen or protuberant, but the cervical and bran- 
chio^;a^diac suture is very distinctly indicated. The front is narrow 
and spatulate, but only slightly expanded below the bases of the ocu- 
lar peduncles. The superior border of the orbit is slightly and regu- 
larly arcuate, as seen from above, the margin is slightly raised and 
minntely denticulate, and the lateral angle projects forward and out- 
ward as a slender and prominent tooth. The antero-lateral margin is 
longitudinal for a short distance anteriorly, bnt the posterior portion 
corves inward to the base of the posterior leg, and is ornamented 
with dght to ten bead-like tubercles. The latero-lnferior, branchial 
T^ioBB are nearly vertical, and are divided by a granulated crest 
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which Btarta & little way from the antero-lateral angle and extends 
obliquely backward to the baaea of the penultimate legs. The poste- 
rior mai^in is ornamented with a line of low tubercles. The inferior 
margin of the orbit is armed with about fifteen compreased and tnio- 
cate teeth. The jngal regions are rough and sparsely clothed witb 
short haire. 

The ocular peduncles are equal in length, slender, slightly enlaiged 
at the cornea and very little shorter than the broad and very open 
orbits. 

The chelipeds are like the smaller cheliped of G. armattu, except 
that the menis has but one spine and that the ischium has a al^ht 
tooth on the lower side next the articulation with the merus. 

The ambulatory legs are quite similar to those of &. armatus, but 
all of them have a tooth or spine on the lower ude of the ischiam, 
and the merus is armed in the first pair with one or two spines, in the 
second with three, in the third with five, and iu the last with two or 
three. 

The abdomen is broadly elliptical, and the basal s^ment ia orna- 
mented with a line of small tubercles. 

Length of carapax, se-e""" ; breadth of carapax, SS-O""" ; ratio of 
length to breadth, 1 : 1-35. 

The single specimen above described is in the collection of the Pea- 
body Academy of Science, and was firought home, with the &. arma- 
ttu and several of the foregoing species, by J. A. McNiel, but nnfor- 
tonately has no label to indicate the exact locality from which it came. 
It is however undoubtedly from some part of the west coast of Cen- 
tral America. 

This species is allied to the Acanthofiax tns^nts Edwards, bat b 
at once distingubhed from it by the vermcose dorsal surface of the 
carapax. It has also considerable affinity with G. armatua, and it is 
possible that it may be the female of that species, but this seems vei; 
improbable, when the great differences in the ornamentation of the 
carapax and in the armature of the chelipeds and ambulatory lege are 
conudered. 
GelasimuB inBignls. 

AamOit^Haa iMi^ii Edwaids, Annales des BdeueeB luitureUeB, V" sMe, Zoolof^ 
tomeiriii, 1862, p. IBl, pL 4, fig. 23; Arohivea du Uus^m dlQfltoire luturella, 
Paris, tome tU, p. 163, pL 11, a^. 1, 1661. 

Edwards states that this species was known to him only from a an- 
gle, female specimen brought from Chili by M. Oay, but the figures 
which he has given In the Annates des Sciences and in the Archives 
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du AIuB^nm, differ so much that it would scarcely be Bnpposed that 
they were intended to represent the same epecies, much less the same 
specimen. 

The only generic character which are given by Edwards to distin- 
guish Acanthoplax from Geldiimus, the proportions of the carapax 
and the tuberculatlon of the branchial regions, appear to me to be of 
slight importance. Id the proportions of the carapax, the difference 
between Acanthoplax as figured in the Annates des Sciences and the 
ordinary narrow fronted Gelasimi is scarcely, if any, greater than the 
difierence between the two figures of A. insignia, for the figure of the 
carapax in the Annates is IQ'O"™ in length and 87'5°"° in breadth, giv- 
ing the ratio of length to breadth, 1 : 1 '46, while the carapax in the 
figure in the Archives du Museum is 25-2""" in length and 32-0""" in 
breadth, giving the ratio, 1 : 137, and this when both figures are 
stated to be of natural size. No measurements are given in the text 
in either place. The tuberculation of the branchial regions appears 
to be merely a character of omameutation to which there is a consid- 
erable approach in the females of many of the large Oelaaimi, and in 
the male O. armatue described in this article, there is a still closer 
approach to it. 

The armature of the ambnlatory legs, however, may prove to be a 
character of some importance, and would unite in one group with A. 
iruignie, G. omatus and G. armalut, and perhaps also 6. maracoani. 

B. — i^Mcui m which aU the Mffmmb of Iha aidomea are ttparaUd fry dMintt articala- 
Hone, tof i» aUeh tkt front ia bnai and cvmJv aTcwOe bataam the baeee of the oeuiar 



Gelasimus paluBtris Edwards. 
{Tf Oaneer vocator Herbal, op. cit, Baad iii, viertee Heft, p. 1, Tab. 69, flg, 1, 1804. 
Gdaeiim* voean) Edwatdi, Hiatoire DatureUe dea Croat, tome ii, p. 64 ; et Efigne an- 
imal de CuTier, 3» &lit, Crust, pL IS, flg. I (t«fa Bdwuda). 
Oaltuinuu palmlru Edwards, AsDalea des Sciaooea uaturelleB, 3"« sMe, Zoologie, 

tane XTiH, ISSi, p. 148, pL 4, fig. 13. 
{Hon Oaneer meant lJaai4, Sjratema Nstnne, editio zii, tome I, p. 1041). 

As figured in the Annales des Sciences natnrelles, this species is 
quite different from any species which I have examined, and is distin- 
guished by the form of the terminal segment of the male abdomen, 
which ifl as long as iU breadth at base, with the sides straight and 
slightly dlvei^ent and the extremity broad and rounded, and by the 
anterior roarjpn of the orbital border being symmetrical and not more 
rapidly curved above the base of the ocular peduncle than on the out- 
side, as it is in most of the allied species. It is described in the fol- 
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lowing brief terms : — "Crfite sourcUifere poatfirieure presqae dnnte, 
I'ant^rieure tr^B courbe ; crStes marginalea Ir^s margu^ee hot lee lobet 
m^obranchiau x. — An t illes. " 

It is qaite apparent thai Edwards confounded at least two spedes 
nnder the name of paluttria. The figure of Q. vacant, which he bM 
given in the It^gne animal and which he refers to his paltutris, evi- 
dently represents a different and diBtioct species, as the &ont is quite 
narrow, the basal portion of the propodus of the la^er cheliped 
much longer in proportion and the terminal segment of the male ab- 
domen entirely different in form. It is very likely the same as the G. 
Kocaha of his Histoire naturelle des Crustac^e, which is said to inhabit 
BrasdL 

StimpBon, in the Annates of the Lyceum of Natural Hletory, Kew 
York, ToL vii, p. 62, refers the G. vocans of Dana and the G. mitua 
of LeConte to the paiiatria of Edwards, and he evidently had more 
than one xpecies before him, &a he mentions that the tubercles on the 
outer surface of the larger cheliped were minute or obsolete in speci- 
mens from the Mexican and Central American bhores. 

G^laBlmus macrodactylUB Edwards et Lucsb. 

Voyage de d'Orbigny dans rAm^rique mMdionale, Crust, p. IT, pi. 11, fig' 3, IBU; 
Edwardi^ Anoalea des ScieDoea naturelleB, 3<" s^rie, ZooL, loae xvjii, 186!, p. ]4Ek 
" COtes du Valparaiso " (Edwards and Lueas). 

QelasimUB TniTinT LeConte. 

Odatimm mwacc John LeCoDte, Ou a new speciea of Oelasimus, Proceedings Acad- 

emy Nat. Sci., Philadelphia, toL vii, 1S56, p. 403. 
Gelanmva pdhi»tru {para) Stimpson, AdhbIb LTCeum Nat Hist., New York, toL t^ 

p. 6!, 1SG9. 

Plate II, figure 4. Plate TV, figure 1-1". 
Male. The carapas is quite convex longitudinally and slightly 
transversely, and in lai^e specimens the branchial regions are some- 
what gibbons above. The dorgal surface appears smooth, but is very 
minutely granuIooB, and there are a few small tubercles on the ante- 
rior part of the gastric region near the lateral margin. The front is 
broad and regularly arcuate. The posterior, or upper, edge of the 
superior orbital border is transverse and nearly straight, and has a 
smooth upturned margin. The anterior, or lower, edge is marked by 
a sharply raised and minutely denticulated margin which curvee rap- 
idly downward above the base of the ocular peduncle, then gradu- 
ally upward and joins the posterior margin a little way Irom tlie an- 
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tero-lateral angle, which is obtuse and not at all promineDt. The lat- 
eral border is marked by a sharply upturned and finely denticulated 
margin, which b arcuate anteriorly bo that the breadth of the carapax 
is considerably less between the antero-lateral angles than a little pos- 
teriorly, and the posterior portion ia strongly incnrved and terminates 
opposite the cardiac region. The postero-lateral border is crossed by 
an oblique raised line or plication. The inferior orbital margin is 
finely toothed and the jngal region is rough and hairy. 

The larger cheliped is stout, and the length of the hand in lai^e 
specimens is nearly or quite three times as great as the length of the 
carapax. The anterior surface of the merue is smooth, narrowly tri- 
angular in outline and its margins are nearly straight, the inferior 
armed with minute tubercles, and the superior with slender tubercles 
on the distal portion ; the upper surface is roughened with short, irreg- 
ular, transverse rows of small tubercles. The superior surfiice of the 
carpus is covered with depressed tubercles, the proximal portion of 
the inner edge is tubercular and the itmer surface is crossed by an ob- 
lique ridge armed with tubercles. The basal portion of the propodus 
is much shorter than the digital portion, and its superior and exterior 
surface is covered with depressed tubercles, which are large and sepa- 
rated by smooth spaces on the upper portion, but below are smaller 
and crowded, and, along the inferior border, almost obsolete ; the inner 
surface is armed, on the inferior border, with a ridge of large tubercles 
extending from the base of the propodal finger obliquely upward to 
the border of the deep depresMon into which the carpus folds, and 
there are also a few tubercles between this depression and the base of 
the dactyluB, and a line of tubercles extending upward, from the inner 
edge of the propodal finger, parallel to the base of the dactylus; the 
snperior edge is tnberculose and has a crenulated margin on the out- 
side and the inner margin is curved downward at the extremity of the 
depression into which the carpus folds; and finally, the inferior edge 
is smooth and rounded, but with a slight margin on the outside. The 
propodal finger is nearly straight ; the inferior edge is smoothly round- 
ed, the prehensile edge is broad and armed with marginal lines of 
small tubercles, and a median otic of irregular tubercles, of which one, 
about the middle of the finger, is very much larger than the rest ; and 
the tip has an excavation into which the dactylus fits. The dactylus 
is much curved, especially toward the tip, which hooks considerably 
by the tip of the propodal finger, and the prehensile edge is much as 
in the other finger, but the tubercles of the median line are nearly 
obsolete, except two or three lai^e ones near the base, and as many 
more between the middle and the tip. 
TaiHa CoNnonotrr Aoad., Tdl. n. 8 March, i870. 



by Google 



180 8. 1. Smith on AtMrican Onatacea. 

The unbulatory legs are stout and very hury along the edges, and 
the mersl segments are qnite broad, those of the posterior pair being 
nearly three times as long as broad. 

The abdomen is slightly narrowed at the first segment and is broad- 
est at the second and third. The distal mar^n of the penultimate 
segment is somewhat excavated for the reception of the terminal seg- 
ment, which is mnch narrower than the pennltimate and broadest at 
the base, from which the margin is regularly arcaate, forming scarcely 
more than a semicircle. 

Both in alcoholic and dry specimens the points of the articulation 
of the merus with the carpns, the carpus with the propodus and ttie 
propodns with the dactylus, in the larger cheliped, are marked by red 
spots, and there are similar, but smaller, spots on the ambulatory legs, 
at the articulation of die merat with the carpal segments. 

Tbe females differ from the males in being narrower and more evenly 
convex above, and in having the branchial regions more swollen and 
thickly covered with rounded tubercles. 

A number of specimens give the following measurements : — 

Lengtliaf Brndlbof Langtb at BntHOiot 

ctnfmi. unpn. BkUa. tauid. liud. 

Male, as-e"™ 38-I">«n 



New Haven, Ot Female. 349 343 

" " " ai-8 39-1 

This species is foond at New Haven, Conn., on salt-marshes. There 
are specimens in the collection of tbe Peabody Academy of Science 
from Blnfiton, Soatb Carolina, and also, from St. Augustine, Florida. 
LeConte's specimens were from New Jersey. 

This is a very large species and I have not seen young specimens. 
It has perhaps been considered an adult form of Q.pugnax; LeConte, 
however, recognized it as a distinct species and pointed out the differ- 
enoeSihavingverynaturallymistakenthe/Ki^ndiefor G.puffilator, The 
tubercles on the anterior portion of the branchial region of the male 
are probably only an adult character, but the very coarse tubercnla- 
don of the basal portion of the propodus and the red maikinga on 
tbe larger cheliped of the male, and tbe tubercular branchial regions 
of tbe female, are quite enough to distinguish it from the allied 
spetnei. 
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a-elaslmns brevlfirons Slimpsoo. 

Anaals Lyceum Nat Hiat, New Toit, vol ril, p. 329, IB60. 

Of thiB Kpecies, wbich waa found in a l^oon at Todos Santos, near 
Cape St. Lucas, Lover California, I liave seen only a single, female 
Bpecimen, which was kindly loaned fix>in the collection of the Chicago 
Academy by Dr. Stimpson. 

Ae far as can be judged from the female alone, it is very distinct 
from any other species with which I am acquainted and seems to be 
moat closely allied to Q. minase. It differs from the female of O. mi- 
nax. Id having the carapax broader in proportion and not nearly bo 
much narrowed behind, and the dorsal surface less convex ; the can- 
nte of the lateral margins are more prominent and, from the form of 
the carapax, are not so mncb curved; the front is shorter and more 
perpendicular, and the anterior margin of the orbital border is more 
convex, leaving a broader spaee between it and the posterior margin ; 
and finally, the meral segments of the ambulatory legs are much nar- 
rower in proportion, and are marked with conspicuous, transverse pli- 
cationa. 

Length of carapax, 17'6"""; breadth of carapax, 26'0""°; ratio of 
length to breadth, 1 : 1-43. 

Qelaslznus pngnaz, ap. nov. 

Gekuimia vacant {pan) Qould, Report on the Invartebrat&of Uuaichnsetts, p. 836, 
1841 ; a. voeana, var. i, DeK&7, Natural Histoi? of New YoA, Cnist, p. 14, pL 6, 
ag. 10, 1B44 (non Ouiosr voctmt Unai). 

QAuinuu pttgUalor LeCcmte, loo. eit, p. 403 (nan Bosc). 

if) G^atoMit pdbulrit (part) Stimpsoii, Annals Lyoeotn Nat Hiat, New Toik, p. 61, 
18&9 (noa Edwards^ 

Plate n, figore 1. Plate IV, figore 2-2^ 
Mala The carapax is quite similar to that of 0. minaac bat it ii 
broader, the dorsal surface is smooth and there are no tubercles on 
the braoohial regions, the front is narrower and projects farther down- 
ward, the antero-lateral angle is sharp and the anterior part of the 
lateral margin is not at all, or only very slightly, aronate 

In the larger eheliped, the anterior surface of tbe menu is nsnallj 
somewhat granular or finely tnberoulose, especially along the inferior 
border, it« outline is triangular and much broader toward the oarpns 
than in O. tntnax, and the distal portion of the superior nutr^ is 
high and arcaat« and not tnbercnlated aa in that speciea. Tbe superior 
snr&ce of the carpus is covered with small, rounded tubercles and the 
inner sorfaoe is crossed by an oblique, and more or less tnbercnlated, 
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ridge. The basal portion of the propoduB, even in quite Bmall epeci- 
mens, is shorter than the digital portion and its saperior and exterior 
surface is covered with amall, depressed tubercles of naeqnal sizes 
and so thickly crowded together that there are scarcely any spaces 
between them, the oblique ridge on the inferior border of the inside 
is armed with numerous very small tubercles, the whole space between 
the upper portion of this ridge and the base of the dactylus is finely 
tuberculose, and the inferior edge is very distinctly margined on the 
outside. Both the propodal finger and the dactylus are more slender 
than in G. minaee but offer no distinctive characters. 

The ambulatory legs are rather stout, very hairy along the edges 
of the carpal and propodal segments and the meral segments are 
broad, those of the posterior pair being about one and a half times as 
long as broad. 

The abdomen is scarcely at all narrowed at the basal segments. 
The terminal segment is very much as in <?. minax but slightly 
broader in proportion and very similar to that of <?. pugilator, figured 
by Edwards in the Annales des Sciences naturelles, ^^' s^rie, tome 
xviii, 1852, pi. 4, fig. ll**, and not at all like his figure of G.paluBtrit, 
fig. 13'' on the same plate. 

The females difier from the males in being slightly narrower in 
proportion and in having the dorsal surface of the carapax more con- 
vex and minutely granuloos. 

In life, the dorsal surface of the carapax of the male is very dark 
greenish olive, the middle and anterior portion, mottled with grayish 
white, the front, between and above the bases of the ocular peduncles, 
light blue varying somewhat in intensity in different specimens, and 
the anterior margin tinged with brown. The larger cheliped is 
lighter than the carapax, is marked with pale brownish yellow at the 
articulations and along the upper edge of the dactylus, and both 
fingers are nearly white along the prehensile edges. The exposed 
portions of the the ocular peduncles and the eyes are like the dorsal 
suiface of the carapax. The smaller cheliped and the ambulatory 
legs are somewhat translucent and thickly mottled and specked with 
dark grayish olive. The sternum and abdomen are mottled ashy 
gray. The females differ firom the males in having the dorsal surface 
of the carapax less distinctly mottled with whitish and in wanting 
die blue on the front. This description of the colors was taken in 
November, from about a doeen specimens from New Haven. 
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A series of BpecimenB give the following measurements : — 

Length 
Locutj. Sex. of aiiva. ot wnpM, 

Now Haven, Conn. Male. 16-3™ 23-2"™ 



BaOo. 



14-B 

14'4 



22-6 
31-9 



East Florida. 
New Haven, Ooan. 

Baat Florida. 



New Haven, Conn. Female. 



1-63 



4D-G 



New Havan, Coon. " TO 10-0 

This species is common upon the salMnarahes about New Haven, 
Conn., and there are specimens in the Museum of Tale College from 
SL Augustine, Florida (Col. W. I^ Foster). In the collection of the 
Boston Society of Natural History there are specimens from Bahamas 
(Dr. Henry Bryant), and in the collection of the Peabody Academy 
of Science, from Hayti (Dr. D. F. Weinland). 

At first sight this species might be mistaken for the young of G. 
tninasc, but when specimens of each, of nearly equal size, are compared 
there is no danger of confounding them. G. ptignwe is much smaller 
than G. minax, the carapaz is considerably broader, is not so much 
contracted at the antero-lateral angles and is perfectly smooth, the 
tubercles of the outer surface of the larger cheliped are very much 
smaller and more crowded together, and the coloration is quite dif- 
ferent, the red on the chelipeds and ambulatory Ifgs being entirely 
wanting. 

A male of this species, collected at New Haven by W. C. Beecher, 
presents a remarkable anomaly in having the chelipeds nearly equal 
in size, while in other respects it is exactly like ordinary individuals. 
This specimen is briefly noticed in the American Naturalist, vol iii, 
p. 657, under the name of G. paluOris. The left cheliped is exactly 
like the lai^er cheliped of ordinary specimens, and the right one 
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differs only in bt^in^ eomeirliat smaller and in having the fingers 
slightly more inoorved at the tipe so as to fit nicely the buccal area. 
Length of oarapax, ll'2"°' ; breadth of carapax, le-*""" ; rato, 1 : 1-46. 
Length of left cheliped, 26-0'"". Length of right cheliped, 21*0""". 
The specimen, which was examined while alive, was very active and 
vaeA botji hands with eqnat facility. 

With this single remarkable exception, I have found only the 
slightest variations in examining carefully more than a hundred 
specimens. 

GelasimuB Tapax, sp- nov. 

Plate II, figure 2. Plate IV, figure 3. 

Male. The carapax is very much like that of Cf.pitgnax, but the 
front is narrower, the upper edge of the enperior orbital border is 
sinaoua and not bo tranaverse as in that species, being directed some- 
what backward, the border itself is wider and its lower edge is not 
so abruptly curved above the base of the ooular peduncle. 

In the larger cheliped, the anterior surface of the menu is smooth. 
The superior surface of the carpus is minutely tuberculose and the 
inner surface is crossed by a slight, oblique ridge which is nearly 
smooth. The basal portion of the propodus ia much stouter than in 
Q. puffnax and considerably longer than the digital portion, the 
superior and exterior surfiuie is thickly covered with small tubercles 
and the inner surface ia much as in (?. pugnaXy but the superior 
margin is curved more abruptly, and farther downward at the extrem- 
ity of the depression into which the carpus folds, and there is a tine 
of bead-like tubercles, along the border next the base of the dactylos, 
which are very much larger than in G.pugnax. The propodal finger 
is short and stout and considerably carved upward, the inferior edge 
is smooth and rounded, and the prehensile edge is much as in O. 
puffnax, but the tubercles are larger. The dactylos is stout, carved 
toward the extremity and the tip hooked by the end of the other 
finger, the superior margin ia tuberculose toward the base and mar- 
gined on the outside for nearly half its length, and the prehensile edge 
b as in O. pugnax but there are four or five large tubercles close 
together near the base. 

The ambulatory legs are qaite similar to those of G. pugnax 
but seem to be much less hwry. 

The abdomen is as in Q. pugnax. 

Length of oarapax, 12-6°"°; breadth of carapax, 190""; ratio, 
J : 1-61. Length of hand, 28-2='°' ; breadth of hand, 10-8"". 
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I have seen but a aingle Bpecimen,' which was collected at Asplnwall 
l)y F. U. Bradley. Although closely allied to Q. minax xnipugncm, 
it is very different from aaj specimens which I have seen, of either of 
those sfkeciea, and is readily distinguished from them by the very short 
and stout fingera, the tubercles on the haaal portion of the upper mar- 
^n of the dactylus, the long basal portion of the propodue and the 
line of bead-like tuberolea along its border next the base of the 
d&ctylns. The differences in the carapax are however very slight, and 
it may possibly prove to be a variety of Q. pugnax. 

Q-elasimuB mordax, ep. dot. 

Plate n, figure 3. Plate IV, figure 4, 4», 
Male. The carapax is convex both transversely and longitudinally 
The dorsal surface ia ]>unotate and the space between the puncta is 
smooth and naked, but the puncta themselves give rise to short hairs 
ivhich are very easily removed. The front is much less deflexed than in 
the allied speoies, its dorsal surface is divided by a distinct median sul- 
cus and its inferior surface, between the mai^n and the epistome, is 
quite high. The upper edge of the superior orbital border is directed 
somewhat backward as in G, rapax, but is straight and not sinuous ; 
the border itself is much more oblique than in the allied species, so 
that it appears very large as seen from above. The anterior part of 
the lateral margin is thin and projects somewhat laterally. 

In the larger cheliped, all the segments are more elongated than in 
the allied species. The auterior surface of the merus is smooth, nar- 
row in outline and its margins are tuberculose. The superior and 
exterior surface of the carpus is obscurely tuberculose, and its inner 
sor&oe is crossed by an oblique ridge which is nearly smooth. The 
basal portion of the propodus, as seen in front, is narrowed toward the 
articulation of the carpus and is very much shorter than the digital 
portion ; the superior, and the upper part of the exterior, surfaee is 
obscurely tuberculose while the lower portion is smooth ; the oblique 
ridge on the inferior border of the inside, is much higher and extends 
&rther back toward the artioulation of the carpus than in the allied 
species, and is tliickly covered with very large, rounded tubercles, 
and all the space between its upper portion and the base of the 
dactylus is covered with depressed tubercles- the superior edge is 
somewhat carinated, slightly tuberculose and margined on tfie outside, 
and the inner margin is turned abruptly downward at the extremity 
of the depression into which the carpus folds ; and finally, between 
this abraptly curved portion and the base of the dactylus and just 
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below the superior margin, there is an oblong, depressed epace which 
is very conspicuoos as seen from above. This depressioD exists in 
G. minax but is not at all conspicuous. The propodal finger is very 
long and slender, curved upward at the extremity, and the prehensile 
edge armed with a lai^e tubercle near the middle and another near 
the tip, which is deeply excavated for the reception of the dactylns. 
The dactylus is very slender, the basal portion nearly straight, the 
extremity strongly hooked downward and inward, the superior edge 
smooth, and the preheasite edge armed with several Urge tubercles. 

The ambulatory legs are long and much more slender than in the 
allied species, the meral segments being quite narrow. 

The abdomen is quite similiir to the abdomen of O. pugnax, but is 
somewhat narrower. 

The females differ from the males in having the carapax narrower 
and more convex, and in the branchial regions being tnherculose along 
the lateral margins. 

Several specimens give the following measurements: — 

LanfOi Brndth teogOt BreidUi 

Bei. otartfa. ottu^va. BiUo. olbuid, othuiil. 

1 45-0i™ IJ-Sm" 



"Canals at Pai-&, South America, October or November, 1868; 
Caleb Cooke" (Collection Peabody Academy of Science). 

Gelasimiis pugila>tor i^irfiUe. 

Oeypoda pugiUUoT Bosc, Histoire caturells des Crust, tome i, p. 191, 1802; (pan) 
Sa;, Jouroftl Aoademj Nat Sci , PbilodelphU, roL i, pL Tl, 1S17, p. 443, 1S18. 

Gdaeimaa pugUator Lalreille, Nouveau Dlctiotuiidre d'UisbHre auturelle, 2*£dit, tome 
lii, p. S20, 1817; Desmarest, op. oit, p. 123; Edwarda, AnQales (teaSdeDceaDatu- 
rellea, 3™<sene, Zoologie, tome iviii, 1S52, p. 11, pi 4, 9g. 149; Stimpson, Amuls 
Lyceum NaL ffisL, New York, voL vii, p. 62. 

Qdaaimiu meant, DeEaj, Natural History of New York, ChiBt, p. 14, pi. 6, flg. S ; 
{pars) Gould, Report on the Invertebrata of UaBaachuBetta, p. 325 (nan Cancer 
vacant lAnoi). 

Plate IV, figure 7. 

This ts at once distinguished firom any of the east coast species, 

«xcej>t ff, jubcylindricus, by the rectangular outline, swollen and 



by Google 



S. I, Smith on American Cruataeea. 137 

highly polished, dorsal anrface of the carapas, and by the inner snr- 
faee of the hasal portion of the propodus of the larger cheliped being 
evenly roanded and beset with small scattered tubercles, but with no 
indication of an oblique tuherculose ridge. From O. mbcylindrieui, 
it IB readily distinguished by the carapax being narrower and its pos- 
terior margin straight, by the hand in the larger cheliped of the male 
being margined with a slight crest on the outside of the superior 
edge, and by the narrow male abdomen. 

It eeeme to be abundant from the Gulf States to Massachnsetts. 
At Kew Haven, Conn., it is very common upon muddy beaches, but 
is not usually associated with 6. jmgnax, which prefers salt-marshes. 
There are specimens in the Museum of Tale College, collected at 
Egmont Key, West Florida, by CoL E. Jewett, and at St. Augustine, 
by Col. W. E. Foster and H. S. Williams ; and in the collection of 
the Peabody Academy of Science, there are specimens from Savan- 
nah, Georgia, from BInfiton, South Carolina, and from Nantucket, 
Massachusetts, those from the last locality collected by Dr. A. S. 
Packard, Jr. 

A series of specimens give the following mewnrements : — 



Lociitr. 


Bei. 


a-SSU. 


orunpwi. 


ItoUo. 


West Florida. 


Hale 


. le-onu" 


ai-pnm 


1:1-44 


■' 


■' 


U-T 


31-0 


1:1-43 


New HaTeu, Conn. 


" 


H-a 


20-6 


1:1-44 


It ■• 


" 


13'6 


ISl 


l:l-*3 


<. 


" 


13'4 


18-8 


1:1-40 


" " 


" 


ia-6 


n-4 


1:1-39 



WmI Florida. Female. 

New Haven, Conn. " 



Gelasinms suboyllndriciis SLimptoo. 

Annala Ljoeum Nat Hiat, New Tork, tdL vil, p. 63, 18GB. 
Plate IV, figure 8-6^ 

This species has a general resemblance to G.pugtlator, but the 
body is moeh broader, not so much narrowed behind and very con- 
vex, being in iact much Uke Q. gibbomt. The male abdomen and its 
appendages are, moreover, very unlike any other species which is 
known to me. 
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Male. The dorsal surface of the carapax U minately granuloos, 
very convex longitudioaUy and swollen along the branchial regions, 
which, however, do not project above the middle of the carapax, and 
the regions are not separated by distinct sulci The front is evenly 
rounded and strongly defleiei The superior border of the orbit ia 
nearly perpendicular, and its posterior, or upper, margin is sinuous, 
curving forward in a slight prominence in the middle. The antero- 
lateral angle ia obtuse and not at all pronunent. The lateral margins 
converge slightly anteriorly and are only l^intly indicated on the 
postero-lateral border. The posterior margin ia divided into two 
broad lobes by a very marked median immargination. The inferior 
border of the orbit is slightly curved and finely denticulate. 

The external maxilUpeds are proportionately smaller than in the 
allied species, the ischium is only very slightly wider than the merus 
and its outer margin is nearly straight. Corresponding with the form 
of the external maxilUpeds, the buccal opening is smaller and more 
rectangular than in the other species. 

In the larger chetiped, the angles of the merus are obtuse and 
grsnulous and the anterior sur&ce is slightly convex. The outer snr- 
fece of the carpus is slightly graunlons. The basal portion of the 
propodus is nearly as long as the digital portion ; the inner sur&ce is 
not armed with a tuberculoae ridge along the inferior mar^n, that 
portion being rounded and only obscurely tuberculose, but on the 
border next the base of the dactylus, there are two, sharp, tubercular, 
parallel ridges, the inner one highest and separated from the other by a 
deep, narrow groove ; the outer surface is densely covered with small, 
depressed tubercles which are more uniform in size and more promi- 
nent than in G. pugnax, or G. pugilator ; the superior edge is tuber- 
culose but not distinctly margined on the outside as in Gt. mtnux^ 
pugnax, und jntgikUor / the inferior edge is armed with a prominent, 
tubercular margin on the outeide, and the flat, oblique space between 
the inner and outer margins is smooth and shining, while in 6. pttffU- 
ator it is covered with rounded grannies. The propodal finger is 
considerably curved upward, its outer surface is armed, on the basal 
portion, with a distinct, median ridge, the inferior mai^in is smooth, 
and the prehensile edge tuiiercular and armed with a single, large 
tooth near the middle. The dactylos is strongly and evenly curved, 
the superior margin is smooth and the prehensile edge is tuberealar 
and armed with several lai^er tubercles toward the base. The smaller 
oheliped and the ambulatory legs do not differ notably from those of 
the allied species. 
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The abdomen U very broad, its breadth being fully equal to two- 
thirds its length, while, in 0. pugUator and allied species, the breadth 
is not eqnal to more than half the length. The tenninal segment is 
very small, being rather less than half as broad as the penultimate 
and very much shorter than broad. The appendages of the first seg- 
inent are very stout and nearly straight organs, reaching to the middle 
of the penultimate segment, and the tips are homy and slightly hairy, 
vhile in O.puffiiator these oi^ans are longer, very slender, and 
strongly curved outward at the tips. 

The female differs from the male in having the posterior margin of 
the carapax only slightly immarginate in the middle. 

Unstb BnMtb Lenctti Bnidtli 

S«x. ofcanpu. ot CAnp&x. Bmtto. olluiQa- or dado. 



The above description and measurements were made from three of 
die original specimens, collected at Matamoras on the Rio Grande, 
by M. Berlandier, and loaned by Dr. Stimpson. 
Gelaslmus stenodacylus BdnardH et Ldcbh. 

Vojage de d'Orbiguj dftna I'Am^rique m^ridionale, Crust, p. 26, p. II, ig. 2, 1S43 ; 
Edwaida,AniialeBdes Sciences naturelles, SI" s4rie, ZooL.tome xviil, I85J, p. 149. 

" Troovfi Bur lea cdtes du Valparaiso par M. d'Orbigny," {Edwards 
and Lucas). In the Annates des Sciences naturelles, Edwards gives 
the habitat as, " Chili, Br4sil," but there is very likely some mistake 
in regard to the latter locality for very few, if any, species of Crusta- 
cea are conmion to Chili and Brazil. 

Q^lasiiuas FanameiiBls sumpBon. 

imtala Lyoeum NaL HisL, Nen York, vtd. vii, p. 63, 1869. 

Plate IV, figure 6. 
Stimpson had only the young of this species and did not give the 
characters of the larger cheliped of the male, but a good series of 
specimens collected at Panama by Mr. Bradley, shows that it is very 
different irom any of the east coast species and is not allied to any 
from the west coast, UDless it be to G. stenodoatyhtB which I have 
not seen. 

Male. The carapax is broadest between the antero-lateral angles 
and is much less convex than usual The dorsal surface is very 
minutely grannlooe, and there are a few coarse granules or small 
tubercles on the front and on the anterior part of the branchial region 
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near the lateral mai^in. The uppsr edge of the snperior orbital 
border ie sinuous and the border itself ia quite narrow. The antero- 
lateral angles are sharp and project pi-ominently forward. The 
inferior orbital margin is thin and sharply dentate and its outer angle 
is prominent and angular, and is separated from the superior margin 
by a deep and broadly pmnded sinus. 

In the larger chelipcd, the merus is slender, and its anterior sur&ce 
is narrov and smooth and the margins are unarmed and rounded. 
The carpus is erenly rounded and Dearly smooth externally. The 
basal portion of the propodus is smooth or microscopically granu- 
lose and flat and entirely unarmed within; the depression into 
which the carpus folds is very short, not extending half way to the 
base of the dactylns ; and the superior and inferior mai^ns are evenly 
rounded. The propodal finger is slightly upturned at the tip, the 
inferior edge is perfectly smooth and evenly rounded, and the tuber- 
cles of the prehensile edge are nearly obsolete except a large de- 
pressed one near the middle. The dactylus is strongly curved down- 
ward at tip, the superior edge ia smooth and rounded and the pre- 
hensile edge is obscurely tubercular In very young specimens the 
hand is quite granulose above but becomes smooth with age. 

In the smaller oheliped the tips of the fingers are densely clothed 
with soft hair. 

The ambulatory legs are slender, smooth and almost entirely naked. 

The females differ from the males in the carapax being a little 
narrower in proportion, and in the branchial regions being slightly 
inflated and more granular or even tuberculose. 

Several specimens give the following measurements :— 

LeoRtta Br»dlb l^nKtb Brra'!!)! 

LoonlltT. Bu. arcsnpui. orcarmpu. Ritlo. of bud. of buia. 

PsDama. Uale. IZ'B""» lS-0"™ I:1'44 27-6"" Siarn 



C— £^>«drv in tehith Ote Jbtirtli, fifth and itxth igmnttto/lhemalt abiommixiin^Mf 
ancliyUm, and in wAkA (As carapax is turn traimern, and tht brandwd rtgiont org 

Gelaslmus gibbosus, sp. dot, 

Plate n, figure 11. Plate IV, figure 8. 

Male. This is a small species quite different in general appearance 

from any of the foregoing. The body is very short and broad, very 
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little contracted behind, and, in general form, a short cylinder trnn- 
cated at each end. The chelipeds and ambulatory lege are alender 
and elongated. 

The dorsal surface of the carapax is naked, smooth and shiBing, 
convex longitudinally, deeply areolated and nearly symmetrical The 
cervical suture is slightly curved and very distinctly marked by a 
deep sulcus. The median portion of the gastric region is triangular, 
and ia separated from the antero-lateral lobes by very distinct but 
shallow sulci, which meet in an acute angle od the front. The cardiac 
region is large, quite prominent and distinctly separated from the 
gastric The branchial regions are very prominent and swollen, pro- 
jecting much above the median regions, and a narrow portion next 
the cervical suture is cut off by a strmght and sharp sulcus. The 
front projects well forward and is quite narrow, but not contracted 
between the bases of the ocular peduncles. The superior border of 
the orbit is nearly on a plain with the anterior part of the carapax, 
its anterior edge is strongly arcuate and is marked by a very slight, 
but sharply raised and continuous margin, and the posterior edge is 
marked by a t^tly r^sed line, which is transverse and nearly 
straight toward the front, but, toward the side of the carapax, falls 
off posteriorly, so that the antero-lateral angle, which is right-angular, 
but not at all prominent, is considerably posterior to the rest of the 
anterior mai^n. The taintly margined lateral borders are parallel 
anteriorly but approach slightly posteriorly. The inferior border of 
the orbit is denticulate, the teeth being very minute on the portion 
toward the front but much larger, and very slender on the outer 
portion, and round into the external hiatus. The jugal regions are 
much swollen and are separated from the buccal area by a deep 
depression. 

The ocular peduncles are quite stout and as long as the orbits, 
which they nearly fill 

The ischial segments of the external maxillipeds are very broad 
and the outer edges are arcuate to fit the expanded buccal area, and 
thus resemble the species of section A. 

The larger cheliped is remarkably developed for so small a species, 
the merus being as long as the carapax, while the hand is almost three 
times as long, and nearly twice as long as the breadth of the carapax. 
The anterior sur&ce of the merus is smooth, flat and quite narrow, 
and its angles are smooth and unarmed. The superior and exterior 
surface of the carpus is evenly rounded and very slightly granuloue, 
and the inner margin is sharp and dentate. The basal portion of the 
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propoduH ia short and compresaed, the onter Burfnce is flat and granu- 
lons, the inferior edge is angular and has a very slight, granular 
margin on the outside, the superior edge is rounded and granulated, 
and the inner surface is armed with a slight, oblique, tnberculose 
ridge extending fh>m the inferior edge to the short depression into 
which the carpus folds. The distal portion of the propodus is much 
compressed, straight and very slender, the inferior edge is nearly 
smooth, the prehensile edge is only very obacorely tubercnlate and 
has a single, very slight tooth near the middle, and the tip is slender, 
acute and slightly nptamed. The dactylus is compressed, very 
slender, straight for two-thirds its length and the terminal portion 
regularly curved downward, the superior edge ia rounded and slightly 
granalouB toward the baae, and the prehensile edge ia as in the other 
finger, except that the tooth ia smaller and nearer the base. 

The smaller cheliped is smooth and unarmed, the merus is slender 
and triquetral, the carpus is short and rounded, the basal portion of 
the propodns is quite short and thick, and the fingers are slender. 

The ambulatory lege are long, very slender and nearly naked, and 
the meral segments are very narrow. 

The stemuna ia very broad and very oonveit. The abdomen is 
scarcely at all contracted at the second segment, and it tapers slightly 
to the extremity of the sixth ; the first and second are very abort, the 
the third is about twice as broad as long, the fourth, fifth and alrth 
are completely anchylosed into one piece, and the seventh, or last, 
forms very nearly a semicircle. 

Length of carapax, B'S"""; breadth of carapax,14'4""'; ratio, 1: 1'79. 
Length of hand, 24-8""°; breadth of hand, 8-2»». 

I have seen only one specimen, which was collected at the Gulf of 
Fonseca, west coast of Central America, by J. A. McNiel (Collection 
Peabody Academy of Science). 

Family, GsoABcnnD^. 

Caxdiosoma i«tTdiie. 

In this genua the abdominal appendages of the male present, in 
some cases at least, good specific characters. In all the apeciea which 
I have examined, the appendages of the first segment are very stout 
and nearly straight organs reaching beyond the middle of the abdo- 
men, articulated at their bases with a large and hard semiciccular 
plate, which arches round the intestinal canal and joins the abdomen 
on each ude,and armed at their extremities with slender, homy tips. 
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The appendftges of the second segment are Bmall and inconepicnons, 
and their slender tips are flexible and folded within a little groove on 
the inside of the hases of the appendages of the first segment. 

Cardlosoma. guaahunii iftreiiie, 

Cardiaoma gvaiAiani Latreille, Enofdopedie m^thodiquo, tome i, p. 686, 1824, (feiU 
Edwards); Edwards, Hiatoire natureUe dea Crust, tome il, p. 2^, 1S3T; lUgne 
uiimal de Curier, 3™' Mit, pL 20, flg. I ; Aaoales dee Scieocea aatureUea, 3°>s aarie, 
Zoologie, tome n, 1863, p. 204, pi. 9, Sg. 1 [ Gibbes, On the Cardnological Col- 
lectaooi of the United States, Prooeedings American Assodation, 3d Ueeting, 
p. 179, 1860; StimpBon, Proceedings Academy Nat ScL, Philadelphia, 186S, p. 100; 
Sausanre, Cmstao^ noureaux des AotilleB et du Uexique, p. 21, 1868. 

Ooypoda {(ktrdttotad) eordala DaHaan, Fauna Japonica. CniBtacea, p. 27, ISSB (non 
Catieer cordalut Linn^. 

Oeypoda ruricola FreminTille, Annates des Sdencea naturelles, 2* s^rie, Zoologie, 
tomeiii, 1836, p. 217 (non Cancer raricola JAaaSi. 

Oe]/poda ffiganUa FreminTille, loc dt, p. 221, ld3S. 

Plate V, figure 3. 

The abdomen of the male is broadest at the third segment, from 
which the matins oonvei^ rapidly to the sixth, which is considerably 
longer than broad. The terminal segment is narrow and its extremity 
ia rounded. The first pair of abdominal appendages reach to the 
middle of the mxtb segment, are triquetral, straight and stout, and 
their tips are rounded and slightly flattened laterally, and each is 
armed with a very small, scale-like appendage directed obliquely out- 
ward, and on the apper edge, just above this appendages, there is a 
small process which is straight and does not reach beyond the rounded 
extremity of the thickened portion of the oi^an. 

A male from the Florida Keys gives, length of oarapax, SS"" ; 
breadth of carapai, Te""; ratio of length to breadth, l:l-20. 
Length of meme in right chellped, 81"""; in left cheliped, 49""°, 
Length of right band, 45°""; breadth, 19. Length of left hand, 88°"" ; 
breadth, 44. 



Caxdiosoma. qimdratuin s< 

See thase Transacttoos, vd. ii, p. 16. 

Plate V, figure 4. 

In this species the male abdomen and its appendages are almost ex- 
actly like those of C. guankumi except that the homy extremities of 
the appendages of the first segment are a little longer and more slen- 
der. There is a remarkable difference between the male abdominal 
append^es of this species and the species from the west coast of 
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Africa, with which it is compared on page 16 of this volume. In the 
African species the first pair of these appendages are very macfa like 
those of the following species, the horny tips being long, slender and 
somewhat spiral, and the process on the upper edge extending much 
beyond the thickened portion of the organ. 

Cardiosoma crassmn, ep do*. 

Plate V, figure 6. 
In general appearance this species is closely allied to C. quadratum. 
The carina of the lateral margin of the carapaz is, however, much 
more strongly marked and the ambidatory legs are clothed with long 
hair, while in C. quadratum they are nearly naked. The male abdom- 
inal appendages are entirely unlike in the two species. 

The dorsal surface of the carapax is naked, very minutely grana- 
lous, regularly and strongly convex longitudinally, but only shghtly 
transversely, and the areolation is not strongly marked, the cardiac 
region and the median portion of the gastric alone being indicated ; 
the anterior extremity of the mesogastric lobe, however, is distinct, 
long and slender and reaches nearly to the front. The front is broad 
and high and the epigastric lobes protuberant, leaving, between them 
and the front, a depressed space wiiich is thickly covered with coarse 
granules. The superior margin of the orbit is slightly sinuous, as seea 
from above, and the lateral angle projects fom'ard as an angular tooth. 
Just back of this tooth the anterolateral margin is broken by a sharp 
notch, above which the carina of the lateral margin begins in a sharp 
prominence. This carina through its entire length is very high and 
distinct, being much more strongly marked than in C. quadratum. 
The epistome and nasal lobe are very much as in 0. qitadratum, but 
the labial border of the epistome is armed with a line of granules 
which is more sharply raised and composed' of smaller grannies than 
in that species. The jugal regions are densely clothed with short, soft 
hair. The inferior branchial re^ons are naked, but are roughened 
with numerous, short, sharp rugie. 

The chelipeds are very unequal in both sexes, and the ischial seg- 
ments are armed, on the anterior side, with a few small tnberclea In 
the larger cheliped, the mems is triquetral, very stout and reaches 
slightly beyond the lateral margin of the carapax, the anterior sur- 
foce is flat and both its maigins are armed with very large and prom- 
inent tubercles directed forward, and on the outer surfrice and the pos- 
terior angle, which is obtuse, there are short granulous mgie which 
are very conspicuous on the angle. The larger band is very short and 
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stoat, the breadth being about equal to four-sevenths of the length ; 
the outer surface of the propodus is flattened and smooth ; the inner 
surface, in the middle and toward the base of the dactylus, and the 
margins, ar« armed with scattered tnbercles ; and finally, the fingers 
are very stout, the outer edges are armed with small homy tubercles, 
and the prehensile edges gape but slightly, and are armed with large, 
irrcgnlar teeth. In the smaller cheliped, the merus is more slender 
and does not quite reach the lateral margin of the carapax, and the 
hand is very much smaller and more slender. 

The ambulatory legs are stont and the carpal and propodal seg- 
ments, and the meral on the angles below, are clothed with long black 
hairs, which are very conspicuous and fasciculated on the carpal and 
propodal segments of the first and second anterior pairs. 

In the male, the abdomen is broadest at the third segment, from 
which the margins converge regularly to the sixth, which is nearly or 
quite as broad as long and only slightly narrowed for most of its 
length, but sharply contracted just before the articulation with the 
small and narrow terminal segment. In the female, the abdomen is 
broadest near the articulation of the Mb with the sixth segment, and 
the margins of the sixth segment are arcuate and converge rapidly to 
the small, obtusely triangular terminal segment. 

The first pair of male abdominal appendages reach to the middle 
of the penultimate segment of the abdomen, and their extremities 
are slightly flattened laterally, thickly clothed with hair on the out- 
side and terminated by a long, slender, hard and homy tip, which 
curves outward for nearly half its length, then rapidly upward, and 
again outward at the end, forming thus about the third of a very 
elongated spiraL From the under edge, just below the base of this 
horny tip, there is a stout, straight process, which is soft and flex- 
ible, and clothed at the extremity with hair. 

Poor specimens give the following measurements: — 

Bei. LangUi of cuspu. firudOi of unpu. Ratio. 

Mate. - - ■ - 60-Tn«n 62'0""» 1:1-23 



I have examined a large number of specimens collected at the Gulf 
of Fonseca, west coast of Central America, by J. A. McKiel, and in 
tfae Mnseam of the Peabody Academy of Science. 
Tbahs. OoNNKcrncirr Acad., Yol. II. 10 Aful, ISTO. 
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Family, HoBCtAD^. 
Pseudothelphusa Sauuure. 

Potamia I«lieille, Coura d'entomologie, p. 33S, 1831 (late Edwards); Edwarda et 
LucM, Yojage de d'Orbigny dans I'Am^que m^ridionale, CruEL, p. 22, 1843; 
White, LiBt of the GruBtacea in tbe Britiah Museum, p. 30, 1847 ; Dona, United 
States Exploring Expeditaon, Crust, p, S93 ; Sauasure, Cnisteo^ navesuz del An- 
tillei et du Ueiique, p. 19, 1SS8 (non Bobineau-Desrcddj). 

Boteia Edwuda, Hiatotre noturelle des Cniat , tome ii, p- 14, 1831 ; Annales de« Sci- 
eooea naturelleB, 3>ne a^rie, Zoologle, tome xx, 1SS3, p. 207 ; A. Edwaida, Annales 
de la BodMd enlcanologique de France, 4b>» aerU, ttnne vi, 1866, p. 203. 

fteudolht^Mta Bausaure, Revus st Ua^fasin de Zoologie, ISST, p. 30E> (teffa Saue- 

Latreille's name, Poiomio, given in 1881, was properly rejected by 
Edwards on account of its previouB use, in 1830, by Robineau-Des- 
voidy, for a genuE of Diptera, but the name Boacia, proposed by 
Edwards in 1837, is quite aa objectionable, having been used, accord- 
ing to Agassiz's Komenclator Zoologicus, by Leach, in 1818, for a 
genus of Cirripedia, by Schweigger, in 1820, for a genus of Polyps, 
and by Leach again, in 1824, for a genua of Coleoptera. Pteudothd- 
pkusa, although at first proposed ae a new genus, does not difier es- 
sentially from the species of Edwards' Soscia which have no superior 
frontal crest, and was finally united with Potamia by Saussure him- 
self BO that it may properly be adopted for the genus as defined by 
Edwards. 

Pteudotlielphuaa, as here limited, includes the following American 
species : — 

P. Americana Saussure, from Hayti 

P. ffradiipes (Sotcia gracUipet A. Edwards, Aimales de la Soci^tS 
entomologique de France, 4"' sine, tome vi, 1866, p. 204), from Haute 
Vera-Paz, Gautemala. 

P. plana, sp. noy., from Peru. 

P. macropa {Saaeia macropa Edwards, Archives du MuB4um 
d'Histoire naturelle, Paris, tome vu, p. 175, pL IS, fig. 3), from Bo- 
livia. 

P. ChileMtt {Potamia CMhntia Edwards tA Looas, Voyf^ de 
d'Orbigny dans I'AmSrique m4ridionale, Crust., p. 22, pL 10, f^. 1), 
from Lima, Peru. 

P. denticalata {Poteia denticulata Edwards, Amiales des Sciences 
naturelle, Zoologie, 8*°' s4rie, tome zx, 1663, p. 208), frcmi Ouiana. 

P. Socourti, {Poscia Socourti A, Edwards, loc cit, p. 208), from 
the Biver Coban, Haute YerarPaz, Oautemala, 
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JP. dentata {Bogota dtntata Edwards, Histoire natnrelle dea Crust., 
tome ii, p. 15, pL 18, fig. 14-19), from the West Indies. 

The only other described species is the P. »inutiJ)ront {Botcia tmu- 
tifrona A. Edwards, loc. cit, p. 205), the haUtat of which was not 
kiKiwn. 

Potamia latt/hma Randall (Journal Academy Nat. Sci., Philadel- 
phia, vol. viii, p. 120, 1839), supposed to have come from SnriDam or 
the West Indies, probably belongs here, but the description is too 
indefinite to determine its affinities with any degree of certainty. 
I^eudothelphiisa pUina, tp- nov. 

Female. The carapax is very broad and its dorsal snr&ce is flat in 
the middle and posteriorly, bat convex along the anterior border, and 
is punctate, but the surface between the widely separated punctures 
is glabrous. The gastric region is undivided, except by a short and 
shallow median sulcus, which separates the slightly indicated anterior 
lobes and extends down the front. The anterior portion of the cer- 
vical sature, &om the median lobes of the gastric region to the antero- 
lateral margin, is well Indicated by a straight, broad and deep sul- 
cus. There is no sulcus between the gastric and hepatic regions. 
The branchial regions are very prominent and undivided. The front 
is deflexed and the narrow inferior margin is perpendicular, and has 
a distinct submarginal groove. The orbits are well filled by the 
stout ocular peduncles. The antero-lateral marfpu is evenly and very 
strongly arcuate, and its edge is sharp and finely denticulated. The 
postero-lateral margin is concave in outline. 

The external maxillipeds, as well as the sternum, are punctate like 
the carapax but the punctures are much larger. 

A ungle cheliped is qnite amall ; the merus scarcely reaches beyond 
the carapax, is triangular, the anterior angle slightly dentate, and the 
posterior angle rounded and granulated ; the upper side of the carpus 
is pnnctate like the carapax, evenly rounded and armed with an angu- 
lar tooth on the imier margin ; the basal portion of the propodns is 
punctate, slender and evenly rounded ; and finally the fingers are long, 
slender, cylindrical, nearly straight, and slightly toothed within. 

The ambulatory legs are naked, slender and rounded, aad the 
dactyli are nearly straight, cylindrical and sparsely spinulose. 

The color of alcoholic specimens is uniform dark olive brown above 
and lighter beneath. 

Bal. LUfthotguwu. BmidUi of eumgu. BtUo. 

Funale. i3-6™> S3-4<u> 1: 1-66 

lfl-6 aM l:l-«7 
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There are two rather badly preBerved specimene, collected atPaita, 
Peru, by Prof. James Orton, in the Museum of Yale College. The 
smaller specimen wants both chelipeds, and the larger specimen, one. 

This species is closely allied to P. macropa, but is eaaily diatin- 
guished from it by the denticulated antero-lateral margin, by the short 
merus of the chelipeds, and by the flattened carapax — the carapax of 
P. macropa being represented in Edwards' figure as quite convex 
transversely, while in P. plana it is flat in that direction. Moreover 
the front seems to be much more deflexed in our species, the orbits 
are much smaller and are well filled by the eyes, and the antero-lateral 
margin is not " creus6s en dessous d'on sillon bien marqu&" In the 
depressed form of the carapas, it is apparently closely allied to P. 
gracilipee, bnt the ambulatory legs are not longer in proportion than 
in P. macropa, and the front is almost straight, as seen from above, 
and not lobed as in P. Americana, with which the front of P. gra- 
dlipes is compared. In the denticulated antero-lateral mai^pn It re- 
sembles P. ChUenaie, bnt in the form of the carapaz, and in other 
characters it is much nearer to P. macropa. 

OplBthocera," gen. nov. 

The carapaz is mncli as in Pseudotkelpkma ; the dorsal surface is 
not distinctly areolatcd; the front is deflexed, smooth and unarmed, 
and the edge is not reflexed beneath a superior crest as in Epiloboc^a 
and Potamocarcinus ; and the lateral margins are not armed with 
strong teeth or spines. 

The epistome is deeply channeled transversely and the labial bor- 
der is divided into three very prominent lobes projecting far forward, 
and of which the lateral ones are bilobed at tip and are separated 
from the antero-lateral angles of the buccal opening by broad and very 
deep efferent orifices. 

The external mazillipcds are as in P^ilobocera, the merus trans- 
verse, the anterior margin rounded, and the palpus goniarthroid. 

In the single species upon which the genus is baaed, there is a long 
and slender spine projecting from the upper side of the expiratory 
canal near the external orifice. 

In the character of the front, this genus agrees with the species of 
Pteudothelphuia which have no superior frontal crest and differs from 
Epiloboc^^ while, in the position of the ant«mue, it agrees with P^ 
lobocera and differs from PBeudothdpkaaa. 

• 'OirwSe, pon«; nipa;, eomu. 



by Google 



IS. I. SmUfi on American Crustacea. 



Opisthooera O-ilmanii, Bp. nov. 

Plate V, figure 1. 

Male. The dorsal eurfiice of the carapai is evenly convex in two 
directioiiB and nearly smooth, but very minutely granulated and con- 
spicuously punctate with widely scattered punctures. There is no 
indication of arcolation except two minute lunate impressions in the 
middle. The front has a smooth, revolute margin, which is continu- 
ous with the upper margin of the orbits, and a distinct, submarginal 
groove, which extends slightly along the inner portion of the supe- 
rior orbital border. The orbits are large, open and shallow, only par- 
tially filled by the ocular peduncles, and the inferior mai^in is sharp 
and minutely denticulate. The antero-lateral margin is evenly con- 
vex in outline, is broken by a small, oblique groove near the angle oi 
the orbit, and its edge is sharp and very slightly and obtusely dentic- 
ulated anteriorly, but smooth posteriorly. The postcro lateral mar- 
gin is concave in outline and rounded. The inferior lateral regions 
are nuked and smooth. The labial border of the epistome is deeply 
divided ; the lobes are very prominent, and nearly horizontally, the 
median lobe being longest and its extremity triangular. 

The external maxillipcds are nearly smooth externally, but are 
marked with a few scattered punctations. 

The chelipeda are very unequal ; in both, the merus is triquetral, the 
inferior angle rounded, but armed with a few small tubercles toward 
the carpus, and the superior angles are obtuse and armed with numer- 
ous tubercles, which are somewhat spiniform on the anterior angle ; 
the carpus is smooth and rounded externally and has a prominent 
spine on the inner margin. The basal portion of the propodus in the 
larger hand, is very stout, the superior mai^n is qmte high, but 
rounded, and the inferior margin is armed with a few small tubercles 
near the base, the fingers are long, rather slender, and irregularly 
toothed within, and the dactylus is strongly cui-ved so that the fingers 
gape very widely. The smaller hand is quite slender, the fingers are 
nearly cylindrical, very long, nearly straight, and but slightly gaping. 

The ambulatory legs are slender, naked and nearly smooth, the 
meral segments are narrow, and the dactyli are armed with three rows 
of spines above and two below. 

The abdomen is widest at the third segment, and the first and sec- 
ond segments are only slightly narrower; from the third segment, the 
margins converge quite rapidly to the sixth, which is nearly twice as 
broad as long and its lateral margins only slightly converging ; the 
terminal segment is mneh broader than long and its extremity som 
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what auntely arcuate. The appendages of the first segment are very 
stout and nearly straight organs reaching to the middle of the sixth 
segment, and articulated at their bases to a hard plate, which arches 
ronnd the intestinal oanal much as described under the genus Cardi- 
otoma. A deep groove extends from the basal articulation along the 
indde of each of these organs, carving round to the outside and ter- 
minating at the tip, which is tmncate, tamed sharply oatward and 
armed with sharp, hooked spinnles, and, on the inferior edge, with a 
small, curved process. The appendices of the second segment are as 
long as those of the first, are widely separated at their bases, and the 
terminal portions, which are lodged in grooves in the appendages 
of the first segment, are long, very slender and taper to acute points. 

The color, in alcohol, is uniform dirty yellowish brown, lighter 
beneath. 

Length of carapax, SS-V""" ; breadth of carapax, 67-2""" ; ratio, 
1:1-48. Length of lai^er hand, flrO""°; breadth, 2*-5; length of 
dactyluB, 97-0. Length of smaller hand, 41-0°"°; breadth, 12*8; 
length of dactylus, 245. 

The single specimen, which fiimishes the above description, is in 
the collection of the Boston Society of Natural History, and was col- 
lected in a small stream near the center of the Isle of Fines by S. H. 
Scudder and Winthrop S. Oilman, Jr. At the suggestion of Mr. 
Scudder, the species is named for his fiiend. 

Spilobocera StanpsoiL 
Epilobocera Cubensis Stimpson. 

Annala LjrQemD Nat HIat, New Tork, vol rO, p. 234, 1860. 

This species, discovered in freeh water atreama on the Island of 
Cuba, near Santif^, has close generic relatione with the last species, 
but the character of the front and of the epistome is very different. 

I have seen only a single, imperfect, female specimen loaned by Dr. 
Stimpson. In this specimen, the dorsal surface of the carapax is arm- 
ed, along the lateral border, with small, tubercoliform granules, and 
the inferior lateral regions are armed, toward the lateral mar^n, with 
dmilar granules which are conspicnons on the anterior part of the in- 
ferior branchial region. The superior frontal crest projects consider- 
ably beyond the inferior one and is divided into two, slightly convex 
lobes by a well marked, median sulcus which extends back upon the 
oarapaz to the mesogaatric lobe. The inferior margin of the front ia 
straight, as seen in a front view, and its edge is slightly crenulated. 
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The inferior margin of the orbit ia finely crenulated, and the crenula 
tions cease near the external angle, but there ia do hiatns. 

The labial border of the epistome has a prominent, triangolar tooth 
in the middle and smaller ones each side; they all project downward 
and very slightly forward, and the median one has one or two small 
denticlea toward its base. There is a qaite broad, bnt very short, pro- 
cess projecting &om the upper side of the expiratory canal, nearly in 
the podtion of the slender spine in Opiathocera, 

The abdomen ia very aimilar to that of the male Opiathocera just 
described, exc«pt that the first and second segments are scarcely nar- 
rower than the third. It is remarkably narrow for a female, and the 
specimen ia probably a sterile individual of that sex. 

Epilobocera axmata v- aov. 

Hate V, figure 2. 

The carapax is fiattened above and the dorsal snr&ce ia nearly 
smooth, bnt very minutely granulons and punctate with widely scat- 
tered punctures. The epigastric lobes are just indicated by slight ele- 
vations and are separated by a very distinct, broad and shallow me- 
dian salens which extends forward and breaks through the superior 
frontal crest in a smooth sinus. There are no other marks of areola- 
tioD except two minute lunate impressions in the middle of the cara- 
pax. The superior margin of the front projects slightly beyond the 
inferior one, ia nearly straight, aa Been from above, but curved down- 
ward in the middle, aa seen in a fiijnt view, and is oloaely armed with 
conapicuoDB, rounded tubercles. The inferior margin of the front is 
atrught and its edge is raised into a prominent creat and ia distinctly 
crennlated. The superior margin of the orbit is continuous with the 
inferior margin of the fry>nt and is crenulated like it, and, at the outer 
angle is armed with one or two spiniform tubercles. The inferior mar- 
gin of the orbit ia finely dentate and ia broken beneath the outer angle 
by a broad, smooth ainns. The antero-lateral margin is separated from 
the angle of the orbit by a slight faiatua and ia armed with aharp, 
spiniform teeth, which are prominent and alender on the anterior por- 
tion, but decrease in size posteriorly and are quite email at the broad- 
eat portion of the carapax. The postero-lateral margin is concave in 
outline, as seen from above, smooth and rounded. 

The labial border of the epistome is divided into three lobes as in 
the last species. The median lobe is very prominent, projects oat- 
ward nearly as far aa the auperior crest of the front, ia acutely trian- 
gular and armed with two or three spiniform taberolea on each aide, 



by Google 



152 S. I. Smith, on American Crustacea. 

of which the ones toward the base are very prominent. The lateral 
lobes are obtuBely roasded, their outer margiDS are noarmed and the 
inner margiDB are armed somewhat as the median lobe, but the tuber- 
cles at the bases are slightly separated trom the lobes, and stand par- 
tially between the lateral and median. Ther« is a process pro- 
jecting from the upper side of the expiratory canal, as in the last spe- 
cies. 

The external maxillipeds, the cbelipeds, and the ambulatory legs 
are very much as in £ Cubemi*. 

The abdomen is very broad, nearly covering the whole sternum, 
the greatest breadth being at the fifth segment, and the fourth and 
sixth but little narrower. 

BcK. LeosUi at oinpax. BresdUi of csmpu. lUUo. 



The two specimens from which this description was taken are in 
the collection of the Boston Society of Natural History, and without 
labels to indicate from whence they came, but they are probably from 
the Bahamas. 

Although closely allied to -E Cubenais, it is readily distinguished 
from the only specimen of that species which I have seen, in wanting 
wholly any granulations or tubercles along the lateral mai^ins of the 
carapaz, either above or below, by the more tuberculose superior fron- 
tal crest, in having tubercles at the outer angles of the orbits and a 
marked hiatus beneath it in tlie inferior mai^in, by the mnch longer 
teeth of antero-lateral mai^n, and by the quite different labial bor- 
der of the epistome. 

Family, Tkichodactylid^. 
DilooaxcinuB Edirairis. 
Dilocarcinus pictus Edwards 

Aniialas dea Sdencea DBturelleB, 3°>*scrie. Zoologie, tome zz, 1BS3, p. 216; ArchiTes 
du Museum d'HistoIre naturelle, Paris, tome vii, p. 181, pL 14, flg. 2, IS51. 

There are specimens in the collection of the Pealiody Academy of 
Science and of the Museum of Yale College, from the River Amazon, 
at Nanta, Peru, which I refer to this Bpecies, although they do not 
agree perfectly with Edwards' figures and description. The speci- 
mens from Kauta are alcoholic and both females, and are considera- 
bly larger than the figure given by Edwards, one of them giving the 
following measurements: — Length of carapaz, 29'0°""; breadth of 
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oarapax, including teeth, 34*6; ratio, 1:119. The carapaz in onr 
Bpecimens ie somewhat broader and the lobes of the front, as seen 
&ora above, are more prominent and tbeir summits nearer together, 
leaving the orbit larger, than in the figure. The propodi and dactyli 
of the ambulatory legs are thickly ciliated along both edges, while 
Edwards' figures 2' and 2^ represent only a few cilia on the pOBterior 
edges ; in the text, however, the dactyli are said to be " & bords cili^B." 
The abdomen is quite remarkable for a female, the third and the three 
following segments being united into a single piece, as in the figure of 
the male abdomen, given by Edwards,* but, nnllke the figure, it iB 
broadest at the middle and the margins are convex in outline. 

Family, Grapbid.*, 
GlyptOgrapBUB, gen. DOv. 

The carapax is much broader than long and the dorsal surface is 
distinctly areolated. The front is arched and nearly horizontal above 
the antenna and antennuhe, but excavated and deflexed in the mid- 
dle. The lateral margins are strongly arcuate and are dentat« ante- 
riorly. 

The epistome is high and nearly perpendicular and is crossed trans- 
versely by a sharp groove, and the labial boider is straight, as seen in 
a front view, but broken by a distinct notch in the middle, as seen 
from below. At the sides of the epistome, in the antero-lateral angle 
of the buccal area, there is a deep and narrow notch, which serves as 
an efferent orifice. There are no longitudinal ridges on the palate. 

The basia of the antenna is movable and fills the whole space be- 
tween the small, triangular, inner suborbital lobe and the front, and 
its summit is excavated on the inner side for the reception of the suc- 
ceeding segments, which are within the orbit. 

The external maxillipeds are not crested and their inner margins 
are cloBely approximated ; the ischium and mcrua are of nearly equal 
length and are both very broad, the merus being broader than long, 
and its antero lateral angle not expanded. 

The ambulatory legs are long and the dactyli are quadrangular and 
the angles armed with spines. 

None of the segments of the male abdomen are anchyloeed. 

* ThiB figure is marked 3 oa plate 14, as If it belonged with fig. ;t, O. apini/er, and 
on p. ISO it is referred to under tliat species, but in the eiplsna^on of the ['latee on p. 
I K, no fig. 3* ia mentioned, while under D. pictua ie placed, "Fig. 3". Abdomen du 
mile," ;et Utere lo tio fig. 2< on the plate, aud 3b is the only abdomen Qiere figured. 
The atidomea is not referred to in the description of D. pictut. 
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The aspect of the aingle species npoo which this genua is founded 
is quite peculiar. The body is thick, the dorsal anr&ce is uneven and 
the lateral margin a anned with five teeth (including the angle of the 
orbit), the last and smallest. of vhich is on the poBtero-lateral margin. 
The form of the carapax, the arching of the front above the aatennu- 
Iffi, and the number of teeth on the lateral margin, recall the genus 
Cryptograpnu, from which, however, it is widely separated by the 
form of the estemal maxillipcds and of the epistome. In the form 
of the mazillipedB it is allied to Heterograpnu. The form of the 
epistome and the peculiar, deep efferent orifice are very marked and 
distinctive characters. 

Glyptograpsus impressuB, ap- no'. 

Male. The dorsal sur&ce of the carapax is uneven, with numcFoas, 
irregular, shallow punctures, and along the lateral borders, with small, 
tabercalose elevations. The cervical eutnre is indicated by B very dis- 
tinct sulcus. The median portion of the gastric region is separated 
from the protogaatric lobes by deep sulci, which unite between these 
lobes and extend down the front as a broad and deep depression. 
The epigastric lobes are very prominent and their anterior margins 
are transvene and precipitous. The protogastric lobes are well indi- 
cated, and an outer lobule is separated as a small, but very distinct, 
tuberouliform elevation opposite the inner angle of the orbit. The 
epibranchial lobes are uneven and partly separated from the meso- 
branchial by well marked, but short, depressions. The posteiior por- 
tion of the branchial region is divided by a longitudinal ridge into a 
flat inner area and a broad precipitous portion between the ridge and 
the lateral margin. The front, as seen fr^m before, is very sinuous, 
and broken in the middle by a broad, deep, rounded sinus ; its outer 
angles, as seen from above, are obtusely rounded, and the margin is 
continuous to the inner angle of the orbit, where it passes abruptly 
downward beneath the ocular peduncle as a sharp ridge, leaving a dis- 
tinct notch, above which the margin begins again and is continuous 
to the acutely triangular antero-lat«ral tooth, which is prominent and 
directed straight forward. The second tooth of the lateral margin is 
Itiroad and obtusely rounded and situated above the plam of the ante- 
rior tooth ; the third and the fourth are slender and acute ; the last is 
on the postero-lateral margin and ie small, acutely pointed and some- 
what below the level of those just in front of it The inferior margin 
of the orbit is straight and finely dentate. The inferior lateral re- 
gions are granulous and slightly hairy. 



by Google 



jS^ I. Smith on American Gruatacea. 155 

The chelipeds are short aod very uneqaal ; in both, th« mema is 
short, DOt extending beyond the margin of the carapaz, and trique- 
tral, with the angles denticulate, and the carpnH ie small and its outer 
surface granulous and slightly margined on the inner edge. In the 
larger hand, the propodus is short and very stout, the outer surface is 
convex and finely grannlons, and the digital portion is very short, and 
its prehensile edge directed obliquely downward; the dactylns is 
straight, rather slender, and granulous like the propodus ; both fin- 
gers are obtusely tubercular on the prehensile edges and have horny, 
slightly excavated tips. The smaller hand is slender, somewhat cylin- 
drical, the basal portion is granulous externally, and the fingers are 
very slender, with the prehensile edges minutely toothed and the tips 
as in the larger hand. 

The ambulatory legd are nearly naked ; the meral segments are fiat 
and each is armed with a small spine on the anterior edge near the 
distal extremity ; the carpi are slightly bicarinated along the anterior 
edges; the propodi are broad, somewhat expanded in the middle, the 
anterior edges carinated like the carpi, and the posterior edges spinu- 
lous. The dactyli are slender, slightly curved, somewhat flattened, 
and the angles armed with sharp spinules. 

The abdomen is broadest at the base, from which it tapers to the 
last segment, which is longer than broad and rectangolar, except that 
the extremity is slightly rounded. 

Length of oarapax, including lobes of frontal margin, 12'4"™; 
breadth of carapax, including lateral teeth, 16*0'°"'; ratio, 1 : 1'21. 
Breadth between antero-lateral angles, ll-S"™. Length of ambula- 
tory legs, first, 19"°" ; second, 25 ; third, 26 ; fourth, 21. 

I have seen only a single specimen, which was collected at Acajutla, 
west coast of Central America, by F. H. Bradley. 

The appendages of the first abdominal segment in the male are 
widely separated at their bases, which are articulated to a slender 
plate arching round the intestinal canal, and converge toward their 
tips, but do not meet, although they extend to the middle of the sixth 
segment. Each of the oi^ans is n earl/ straight and rather stout for 
two-thirds its length, and the terminal portion ib suddenly constricted 
on the under side and carved outward and strongly downward to the 
tip. The appendages of the second segment are small and are lodged 
in grooves at the bases of the firat pair. 
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Sesanna Say. 
BaBaxma reticulata Say. 

(kypode (Seaarma) TtHculatae Saj, Journal Aoademy NaL ScL, Philadelphia, vol. i, p. 
13, 76, pL 4, ig. S, 1S17, and p. 442, ISIB. 

Seaarma reliciilala Qibbee, Proceedinge American Association, 3d mwliTtg, p. ISO, 
1B50 ; Edwards, Annaiea des Sciences oatureUes, 3i°e s^rie, Zoologie, lome ix, IS63, 
p. IB2; StimpaoD, Annals Ljceum Nat HiaL, New York, vot vii, p. 66, 1869. 

This species is foand at New Haven, Cona, inhabitii^ salt-marshee 
and associated with Qekuimru pugnax. 

Bh. Lenftb of urapu. Breadth oT cinipu. BaUo. Breadtb of front, 

Male. 14-0™ nimm i:i-2a gimn 

" 16-2 18-3 l:]-20 9-9 

na 21-0 1:132 11-4 



Female. 19-1 21-6 1: 1-2G 13-S 

In this species, the first segment of the male abdomen projects lat- 
erally considerably beyond the second segment, and beyond the pos- 
terior margin of the carapax, and the third segment is as wide as the 
first and its lateral margins are strongly arcuate ; at the fourth seg- 
ment, the abdomen is suddenly contracted and the remaining portion 
is quite narrow and the margins are slightly concave to the sixth seg- 
ment ; the terminal segment is scarcely more than one half as wide as, 
but considerably longer than, the sixth, much longer than broad, and 
its extremity rounded. The appendages of the first segment extend 
nearly to the extremity of the sixth segment, are articulateil at their 
bases to a slender, arched plate, much as in Glyptogmpsus tmpressiu, 
are triquetral, quite stout, nearly straight and widely separated even 
to their tips, which are slightly flattened and hairy. The appenda- 
ges of the second segment are short and slender and are lodged in 
grooves at the bases of the appendages of the first segment. 

Sesanna sulcata, ap- nov. 

Female. The carapax is quadrilateral in outline and mnch broader 
than long. The dorsal surface is convex in both directions, but some- 
what more so longitudinally than laterally, and is clothed anteriorly 
and along the sides with scattered faBcicles of short hairs. The pro- 
togastric lobes are divided, for half their length anteriorly, into nearly 
equal lobules by well marked sulci, and are limited next the orbits by 
deep depressions which extend to the antero-lateral angle of the cara- 
pax.. The median portion of the gastric region is surrounded by a 



by Google 



S. I. Smith on American CruatiMea, 157 

broad depresflion and is somewhat Beparated from the rather broad 
meflogaBtrio lobe, which extends forward, in the median Bolcne between 
the protogastric lobes, nearly to the front. This median sulcus is 
broad and very deep, with precipitous sides and cuts through the 
whole height of the frontal crest The branchial regions are trav- 
ersed by sharp traosverse plications. The front ia perpendicular and 
low, and the inferior margin is broken by a broad excavation in the 
middle, where it scarcely projects beyond the epistome ; above the 
antennulffi the edge projects, but toward the orbit slopes off again. 
The antero-lat«ral mai^in is armed with two stout teeth (including 
the angle of the orbit) and with the trace of a third. The first tooth 
is acute, directed forward and situated below the level of the rest of 
the margin, the second is prominent, acute, and projects forward par- 
tially over the deep, rounded incision which separates it from the first 
tooth, and the third ia only indicated by a slight emargination. 

The chelipeds are eqaal and rather small ; the merus is rough ex- 
ternally, the angles are sharp and the anterior ones serrate ; the car- 
pus is very grauuloos externally ; and the hand is slightly compressed, 
smooth ext«mally, and the superior margin armed with a sharp crest. 

The ambulatory legs are stout and much compressed, the merat seg- 
ments are very broad, the breadth being equal to half the length, and 
roogh with short transverse plications, the propodi and dactyli are 
hairy along the edges, and the dactyli are stout, curved and acumi- 
nate. 

I^ength of carapax, aS'O"™; greatest breadth of carapas, ai-O""; 
ratio of length to breadth, 1:1'24. Breadth of carapax between 
antero-lateral angles, 29-fi™". Breadth of front, X6-4°"" ; height of 
front, 3 ■4'""'. 

The single specimen described was obtained at Corinto, west coast 
of Nicaragua, by J, A. McNeil, and ia in the collection of the Pea- 
body Academy of Science. 

SeBarma, oinerea Say. 

GrajiBUM ciatrtm Bobc, Hiatoiie naturelle des OtubL, tome i, p. 204, p], G, fig. 1, 1802; 
lAtreille, Histoiie natnrelle tJea Croiit et Insectii, tomo, ri, p. 72, 1803. 

Gnynts (Saarmiit dnareat Saj, Journal Academy N»t Sci., Philadelphia, toL i, p. 
<U2, 1818 (non Qraiprai eintrem Say, loc. cit, p. OS, 1S11). 

Staarntfa dnerta BMwanlg, Hisloire natorelle des <^gt, tome ii, p. 15, 1837 ; Annalea 
dea Bdeocet naturelle, S^^sMe, Zoologie, tome ix, 1853, p. 182; Qibbes, Proceed- 
ings Amoricau Aaeodatioii, 3d maeliiig, p. 180, 1850; Stimpsoo, Atmals Lyceum 
Hat Hist, New York, vd. mi, p. 66, 1859. 
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There are specimens before me collected at Egmont Key, west coast 
of Florida, by CoL E. Jewett ; at Blufiton, South Carolina, by Dr. J. 
H. Mellicbamp (collection Peabody Academy of Science), and at Fort 
Monroe, Virginia, by Br. Kneeland. 

Several specimens give the following meaaurementB : — 

Lenftn or Brudtta at Brudlh it Breadth 

LooiUtr. B«i. suipu. ompu. VMn. orblUI mn^s. DftroBt. 

Blufllon. Male. n-l"™ ISS"" 

Pt Monroe. " 139 H-* 

Blufllon. " 15'! n'4 

Ft Monroe. " 164 18-6 

Egmont Esy. Feouile. ll-O 12-8 

" " 12-8 16-0 

The abdomen of the male is broadest at the third segment, the first 
and second are much narrower and of equal length; fi'om the foorth 
to the sixth, the abdomen is broad and the lateral mai^ins converge 
regularly ; the terminal segment is scarcely a third as wide, but abont 
as long, as the sixth, and very little longer than broad. The appen- 
dages are similar to the appendages of 8. retundata, but those of the 
first segment are a little shorter and much stonter. 

Sesaima oooidentalis, sp. nov. 

A species closely allied to 8. cinerea Say. 

Male. The carapax is quadrilateral in outline and considerably 
broader than long. The dorsal surface is flat in the middle and pos- 
teriorly, but somewhat convex in front and alohg the sides. The pro- 
togastric lobes are convex and divided by slight depressious anterior- 
ly, and the surface is rough with coarse, sharp granules arranged in 
very short, irregular, broken lines. The median portion of the gas- 
tric region is sparsely granulons, surrounded by a shallow sulcus, and 
the mes<^;astrio lobe is very narrow and extends far forward in the 
well marked, median sulcus between the protogastric lobes. The 
branchial re^ons are traversed by indistinct transverse plications, 
and the posterior regions are punctat« with indistinct, shallow pnncta. 
The &ont is nearly perpendicnlar, quite high and slightly concave, the 
concave sur&oe is irregularly and coarsely granulons, and the inferior 
margin is curved forward somewhat beyond the crest and its edge is 
nearly striugbt. The antero-lateral tooth is acute and projects well 
forward. The lateral margin is sharp, continuons, and nearly straight 
as seen &om above. 

The cbelipeds are equal, short and stout ; the anterior angle of the 
merus is sharp, dentate and raised into a thin crest at the end next 
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thecarpne; the carpuB is thickly beset externally with sharp gran- 
nies; the basal portion of the propodns k short, and the outer surface 
is evenly rounded and very granulous and the superior margin is 
umed with a sharp crest; aod finally, the dactylus is granulous on 
the npper side at base. 

The ambulatory legs are rather slender, the meral segments are 
sharply granulouB above, and the propodi and dactyli are clothed with 
a few short, stifi* hairs along the margins. 

Two males give the following measurements : — 

Length of Bmdlliar BrwdttiM Bnuttli Bdctit 

onpu. empti. B*Ud. orblUl uifle*. ottronb of front, 

ll-enun laimm 1:118 IS-gum ifpam 2-|n»> 

15-B IT-e 1 : 1-13 16-9 9-i 3-0 

I have seen only two specimens, both males, which were collected 
at Acajutia, west coast of Central America, by F, H, Bradley. 

Although closely allied to S. dnerea, it is very readily distinguish- 
ed from all specimens of that species which I have seen, by the gran- 
ulous anterior regions of the carapaz, the coarsely granulous front, 
and by the crested and granulous hands. The carapaz also is more 
convex anteriorly and along the branchial regions. 

The male abdomen and its appendages are almost exactly ob in S. 
cinerea, except that the last segment of the abdomen is somewhat 
lai^r in proportion. 

Sesanna angostipeB "Dan^ 

United States Ezploriog; Expedition, GnisL, p. 3B3, pL 33, fig. 7, 1852; StlmpaoD, 
ProceediiigB Acsdemy Nat ScL, PliiltidelpliiA, 1B58, p. lOSj Annals LToeum Nat. 
Hirt, New Yat^ vol vii, p. 66, 1S6B. 
Six specimens ^ve the following measurements: — 

Lauyth of BfMdtfa of Brmltli It Bratdtli 

LottBtT. Sax. wnpu. oanpftx. B«tlo. orbltil uclca. of front. 

A^WilL Male. 8-7'™ S-S"™ 1: l'tl7 S-S*"" i.^nun 



Sesanna angUBta, v- »ov- 

Female. The carapax is quadrate, longer than broad and depress- 
ed The protogastrio lobes are very little convex, sUghtly divided 
interiorly and their surfaces beset with sharp granule. The median 
portion of the gastric region is surrounded by a well marked sulcus, 
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and the anterior portion of the meso-g&Btric lobe extends forward, 
almost to the line of the front, ae a very narrow ridge in the deep sul- 
cuB between the protogaBtric lobes. The median and posterior regions 
are punctate with irregular, coarse punctalions, and the branchial re- 
gions are slightly plicate transrereely. The front is nearly perpen- 
dicular, but low and very concave, the superior crest projects almost 
as far forward as the inlerior margin, and is divided into four equal 
lobnlcB by a deep median groove and flight lateral ones, and the infe- 
rior margin is strongly reflexed, its edge sinuous, as seen from above, 
with a broad and shallow sinus in the middle, and a very alight one 
each Bide, The antero-lateral tooth ia nearly right-angular, and pro- 
jects but slightly forward. The lateral margin is straight and entire. 

The chelipedfl are equal and very small, the merus and carpus are 
sharply granulous externally, the hand is about half as long as the 
breadth of the front, slender, the inferior edge evenly rounded, and 
the superior edge more angular and sparsely granulous, but not crests 
ed, and the fingers are slender, nearly cylindrical, and very slightly 
toothed within. 

The ambulatory legs are very long and slender, even longer than in 
8. angualipeg, and the meri and propodi arc rough above. 

Length of carapas, from its posterior mai^n to superior lobes of 
the front, 14-1''"" ; breadth of carapax, 13'8°"° ; ratio, 1 : 0-98. Breadth 
of carapax between antero-lateral angles, la-B""". Breadth of front, 
1-2; height of front, 1-8. Length of ambulatory legs, first, 22-0; 
second, 28'4; third, 32'0 ; fonrth, 26'0. Length of propodus in first 
pair of ambulatory legs, 6*9; second pair, 8-0; third pair, 9-0 ; fourth 
pair, 6-6. 

I have seen only one specimen, a female, collected at the Pearl Isl- 
ands, Bay of Panama, by F. H. Bradley. 

It is readily distinguished from all the other described American 
species of the genus by the narrowness of the carapax, the low, per- 
pendicular and excavated front, and the great length of the ambula- 
tory legs. 

GONOPLACTD-E, 

Prionoplax Edwiwds. 
Prionoplax oiliatua, sp. nov. 

A species similar to P. spinicarpue Edwards, Archives da Mas^oin 
d'Histoire naturelle, Paris, tome vii, p. 167, pi. 11, fig. 8. 



by Google 



8. 1. Smith on Amarioan Cruttaoea. 



Male. The carapax is very convex longitudinally, but scarcely at 
all transveraely. The dorsal surface is thickly beset with small, tuber- 
oalifonn granules, but the space between the granules is smooth and 
shining. The areolation is similar to that of P. ^inicarpua ; the cer- 
vical satare is indicated by a very distinct, smooth sulcus, which is 
sharp and deep iu the longitudinal portions in the middle of the cara- 
paz; the mesogaatric and the metagastrio lobes are united; there 
are no distinct sulci between the protogastric lobes and the hepatic 
regions; the branchial regions are undivided and only indistinctly 
separated from th^ cardiac The front is lamellar, very strongly de- 
flezed and its edge divided into two prominent, rounded lobes, which, 
when seen in a front view, project below the inferior margins of the 
orbits. The-antero-Iateral margin is thin and is divided by deep 
rounded sinuseB into four slightly upturned lobes or teeth, of which 
the anterior, the hepatic, and the epibranchial are broad and truncate 
and their tmncated edges finely denticulated, while the posterior, or 
meeobranchial, is acutely pointed. The inferior lateral regions are 
granolons like the dorsal sur&ce, and, along the lateral borders, are 
clothed with long cilia which project beyond the margins. There are 
also, some hairs along the lateral margins of the dorsal snr&oe, but 
tlwy are very easily removed. 
The outer surface of the external maxillipeds is minutely grannloos. 
The chelipeds are stout and slightly unequal. The mems is trique- 
tral and armed with a spine on the posterior angle near the distal ex- 
tremity. The upper side of the carpus is 6at, somewhat roughened, 
and armed <m the middle of the inner side with a long spine. The 
hands are stout, slightly compressed laterally, and perfectly smooth ; 
the npper edge is angular, but not crested, and the fingers are com- 
pressed, deflexed, somewhat incurved, coarsely and irregularly toothed 
within, and do not gape. 

The ambulatory legs are slender and thickly hairy along the edges, 
eepedally on the dactyli, which are long, very slender, and cylindricaL 
The atemnm is grannlons like the carapax, only more minntely. 
The abdomen Is smooth ; the first and third segments are very much 
wider than the seoond, and the pennltimate is mnch broader than long 
and its lateral mai^^ins are deeply concave in outline. The appenda- 
ges of the first segment are long, slender, triquetral, and nearly 
straight organs reachii^ almost to the extremity of the abdomen. 
The appendages of the second segment are short and inconapicuons, 
I have seen only males. 
Tuna OoxmoncDT A.oad., Vol. IL 11 Apao, UTO. 
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Leofrth of unipu, IB snun Bre»dtti of oarapM, 2!-9i™ Batio, 1 : 1'4* 
" " " lB-6 " " " S3-B " 1: !« 

Collected at Panama by F. H. Bradley. 

This Bpecies is closely allied to P. ^inicarpm, and it may possibly 
prove to be identical with the species from Panama mentioned nnder 
that name by Stimpeon, Annals Lyceum Nat. Hiet, New York, voL 
vii, p. 59. Edwards states, however, that, in hia species, the teeth of 
the antero-lateral mai^n are " aplaties et aiguSs," and they are so 
figured OD his plate, while in oar species, all, except the posterior one, 
are broad, tnmcate and denticulated. The carapax in his figure is 
considerably broader, and the chelipeds seem to be much less robust, 
than in P. cUiatua. Moreover, there are no hairs or cilia indicated in 
the fignre, on the carapaz or the ambulatory legs, and they are not 
mentioned in the description. 

The specimens, when received, were completely covered witi fer 
ruginoos mud. Th^ cylindrical form is well adapted tixr living in 
holes, and this is quite probably the habit of the species, as it is of 
i^)eocraoimu, according to Stimpson. 

Euryplax Stunpson. 
Eoryplax uitidus Stimpgcn. 

Annala Ljoeum Nat. Hint., New York, toL tII, p. SO, 1869. 

Of this species, there is a specimen, in the Museum of Yale Col- 
lege, collected at Egmont Key, west coast of Florida, and there is 
another in the collection of the Peabody Academy labeled New Or- 
leans, but probably'from some part of the Gulf of Mexico. 

Both these specimens are adult males and agree perfectly with 
Stimp8on*s description. The pit on the anterior surface of the menu 
is exactly alike in both chelipeds and in each specimen. The antero- 
lateral margins converge anteriorly so that the breadth of the can- 
pax between the anterior angles, is very much lees than between the 
posterior teeth. The anterior angle is obtuse, the second tooth is tri- 
angular, but blunt, and the last is slender and acutely pointed. 

The male abdomen is broadest at the second segment, the sides of 
which extend in narrow projections quite to the coxn of the posterior 
legs. The first segment is narrow and is only exposed in the broad 
excavation of the posterior margin of the carapax. The third seg- 
ment is very broad and its sides project in acute angles, over the chan- 
nel between the sixth and seventh segments of the sternum, nearly to 
the ooxte of the posterior legs. From the third segment, the abdo- 
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men is narrow and tapers to a very narrow temuDal eegnieDt, which 
is two-thirds longer than broad, and obtnae at tip. The appendages 
of the first segment extend a little beyond the sixth segment. They 
are widely separated at base, strongly incnrred till tltey meet a little 
way from the tips, which are again curved strongly outward. They 
are slender and taper to slender and acate tips, and the terminal third 
is shining black in color. The appendages of the second segment are 
situated within those of the first, are short, slender, straight, and 
whiter 

Alcoholic specimens are pale yellowish white, and the fingers white 
at tips. 

Lnigthof BrmdUiot BrudUi 

uwalltr. Bex. canpu. ompu. BMIO. orfronl. 

FkHida. Uale. li-ifam. 22-0>bi>> 1 : IM la^naa 

N«w Ori«anlT " 14 S £i-0 I : l-GG 104 

Euryplai politus, ep. nor. 

This species is allied to the last, bnt wants wholly die pits on the 
meral segments of tbe chelipeds, and the antero-lateral margins are 
parallel instead of conveiging anteriorly. 

Male. The carapax is glabrons, convex longitudinally and very 
slightly transversely. The dorsal surface is not istinctly areolated, 
although the cervical suture can be traced by a slight depresaon. 
The front is nearly straight and has a distinct marginal groove upon 
Ute upper edge and is deeply notched each side at the Insertion of the 
antennfB, as in .^ nitidue. The antero-lateral margins are parallel, 
very short, and each is armed with three acute teeth. The postero- 
lateral margin is slightly incurred. The posterior margin is slightly 
concave in the middle. 

The chelipeds are nearly equal, stont, smooth and glabrous. The 
meruB is armed with a small apiniform tooth, as in .£^ nitidue, and 
the carpus, with a small tooth within. The hands are slightly swol- 
len, the superior margins are quite high, bnt smooth and rounded, 
and the fingers are slender and slightly defiezed. 

The ambulatory legs are smooth, nearly naked, and very slender. 

The abdomen is quite similar in form to that of M nitidtw, and the 
appendages are very much as in that species, but those of the first 
segment are not as strongly curved at the tips, and the terminal por- 
tion is brown instead of black. 

An alcoholic spedmen is pale yellowish white, with the fingers 
brown at tip. 

LaiWth at Brendtti or Bmditi 

Sbi urmpu. oniwi. B*Uo. oriyoDt. 

Male. 6-9"»» iismci 1:163 44>-" 

A mngle spedmen was collected at Panama by F. H, Bradley. 
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Tbia Bpe<»e« Agnw perfectly with all the ohsracten assigned to the 
genua Suryptax by Stimpson, except in wanting wholly the pit on 
the front side of the meras of the chelipeds. This character might, 
perhaps, be considered generic, bat, in the absence of any knowledge 
in regard to its functional importanoe, it seems best to refer this epe- 
oies to Euryplax, and especially, since it agrees so closely in most of 
its speoifio oharaotera with the type of that geoos, 

Q-lyptoplax, gen. nor. 

The oarapaz is cancroid in form and tdmilar to Eucratoptit.* Tlie 
dorsal surface is deeply sreolated, the front is prominent and nearly 
horizontal, and the antero-lateral margin is dentate and about as long 
as the poBtero-lateraL 

The basis of the antenna is long and joins a slight process from the 
Hde of the front. 

The epistome is much as in Panajmtt. There is a sharp carina on 
each side of the palate, along the efferent canal, but it is interrupted 
a little way from the border of the epistome. 

The external maxillipeds are approximated along thdr inn^ mar- 
gins. The ischium is loiter than broad, and its anterior extremity 
projects farther forward on the innde than the outside. The menus is 
somewhat triangular, the antero-lateral angle is Tery prominent, the 
anterior margin is very short and nearly parallel with the Inner mar- 
gin, which slopes off rapidly toward the antero-lateral angle. The 
palpns is endarthroid. 

The chelipeds are short, but the hands are very stout. The amba- 
latory legs are slender and smooth. 

The seventh segment of the male sternum is exposed on each of the 
abdomen. The verges pass from the cox» trf the posterior legs to the 
abdomen, through canals beneath the stemiun. The sides of the first 
segment of the abdomen ext«nd in triangular projections to the cok» 
of the posterior legs; the second segment is much narrower than 
either the first or the third ; the sides of the tiiird segment do not 
reach the margins of the Btemam; and the third, fourth, and fifth seg- 
ments are anchylosed. 

This genus is allied to Eut^tttopaU, bnt differs very much frcon it in 
the form of the external maxillipeds, in the more prominent and boii- 
lontal front, and in the longer antero-lateral mai^;ins of the carapaz. 
From Speocarcinus Stimpson {Annals Lycenm Kat. Hist., New Ttwk, 

• JhcnofB Dmw. 8m thMS TnasadlODi, loL ii, p. 3S. 
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vol. Yn, p. 58), it differs in the approximfttioD of the extemal maxilU- 
peds and in the form of the oarapax. 

Glyptoplax puguax, ap. nov. 

Male. The dorsal aur&oe of the carapaz U al^^htly convex longi- 
tudinally, bnt not at all tnuisveraely, and is thickly grannlone. The 
mesogasliio lobe is not distinct from the metsgastric, bnt is veil sefv 
anted &om the prott^SMtric, and its anterior portion is narrow and 
extends well forward. The protogastric lobes are promineiit and un- 
divided, and are not distinutly separated from the epigastrio, which 
are very slight elevations separated by a marked median sulcus. The 
kepaUc region is prominent, undivided, and separated from the gastric 
and branchial regions by deep salcL The mesobrancbial and meta- 
brftnchial lobes are separated by a very slight sulcus, and the anterior 
portion of the branchial region is divided into three lobales,^-one at 
the base of the epibranohial tooth, a larger one just within this, and 
a small, indistinct one next the gastro-cardiac sulcus. The front is 
thin and horizontal, its edge is slightly convex, as seen from above, 
and divided by a very slight notch in the middle. At each side of 
the front, there ie a deep antennal notch, above which, the inner angle 
of the superior orbital border projects as a promioeDt tooth. The 
superior margin of the orbit is divided by two deep notches. The 
antero-lateral margins are arcuate. The outer angle of the orbit pro- 
jects only slightly beyond the second tooth and is separated from it 
by a slight sinna. The remaining portion of the margin is divided 
ioto three, prominent, triangular teeth, of which the middle one, or 
epibranchial, is most prominent 

The ocular peduncles are armed with a graaulous tubercle on the 
anterior ride near the cornea. 

The chelipeds are slightly unequal and the hands are very large. 
The meroB does not project beyond the lateral mai^n of the carapax. 
The carpus is short and the outer snriace is graDuloiis, has a slight 
groove along the margin next the propodus, a tooth upon the inner 
margin, and a small tubercle near the articulation of the propodus. 
The hand is compressed, very broad, and nearly smooth. The basal 
portion of the propodus is slightly convex on both sides, the lower 
edge is rounded, and the upper edge is slightly crested ; the digital 
portion is very broad at base and very much deflexed, so that the pre- 
henrile edge ie parallel with the margin at the base of the dactylus, 
the inferior edge is slightly margined on the outside, and the tip is 
•lender and nptomed. The dactylus is long and slender, the upper 
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edge is slightly crested aod the tip is hooked by the tip of tiie pro- 
podua The prehennle edges of both fingers are sharp, very slightly 
dentate, and do not gape, or only very slightly. 

The ambulatory legs are slender and minutely granuloos; the pro- 
podi are slightly hairy on the posterior edges ; and the dactyli are 
slender, slightly compressed, those of the posterior pair confdderably 
shorter than the others, and all clothed with very short hair. 

The sternum is minutely grannlons. The terminal segment of the 
abdomeo is about as broad as long, and the extremity is obtnsely 
rounded. The appendages of the firat abdonuDal segment are long, 
slender, nearly strught, and reach to the terminal segment. The 
appendages of the second segment are short and very small. 

The females difier from the males in being more convex and in the 
front being less prominent and very slightly deflexed. The young 
males approach the females in these characters. 

The fingers are black in both sexes. 



The chelipeds of numbers 2, 4, 6, and 9, give the folloving ] 
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Collected at Panama by F. H. Bradley. 

Family, Puthothebid^, 
Pinnotheres LatniOe. 
FlnnothereB margarita Smith. 

I_ Vetrill, Anmriosn Natunlist, vd. jli, p. 3*6, Jnly, 1889. 
Thu is a stout, thick species, with a firm integument, and every 
where covered, except the dactylns of the right ambolatory leg of the 
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seeond pair ia the feioalfl, and the tips of the others in both sexes^ 
with a very short aod close, clay-colored pubescence, looking much 
like s nnifonn coating of mud. 

Female^ The carapaz is very strongly convex in all directioiiB 
and the dorsal snr&ce, beneath the pnbescence, is smooth and shining. 
The cardiac region is protnberant and is separated fix>m the gastric 
region by a conepicnoua salens, and from the branchial regiooB, by 
very marked and deep depressions, which extend along the cervical 
sntnre to the hepatic region. The branchial regions are protnberant 
along their inner sides. The front is not protnberant, is strongly 
deflezed, and has a elight median depression. 

The external maxillipeds are more longitudinal and of a firmer con- 
nstency than is osnal in the genns. The merus is short and broad, 
and the inner mar^ ia angnlated in the middle, the portion toward 
the base fitting the anterior margin of the sternum and the distal por- 
tion being slightly concave and fitting cloaely the terminal segments of 
the palpna. The second segment of the palpus b large, broadest in 
the middle at the attachment of the terminal segment, and the outer 
surface is flattened. The terminal segment is slightly spatolate in 
form and reaches almost to the tip of the second segment. 

The ohelipeds are equal and very stoat and the hands are long and 
nearly cylindricaL The fingers are somewhat cylindrical, nearly 
straight almost to the tips, which are hooked by one another, and the 
prehensile edge of the dactylas is armed, near the base, with a small 
tooth, which fits a slight excavation in the propodal finger. 

The ambulatory legs are stoat and all the ischial segments, and the 
posterior margins of the propodi and dactyli in the last pair, are 
clothed with a long, woolly pubescence. The dactyli in the three 
anterior pidrs are short, curved, and pubescent nearly to the tips, 
except in the right leg of the second pair, where the propodus is con- 
siderably longer than in the corresponding leg on the other side, and 
the dactylas very long, almost straight, and entirely naked. In the 
posterior legs, the dactyli are long, straight, slender, and pubescent. 

The anterior margin of the sternum is excavated into a broad, 
rounded sinus for the reception of the tips of the palpi of the exter- 
nal maxillipeds. 

The abdomen is orbicular and completely covers the stemunL 

Male. The only male which I have seen is much smaller than the 
females, and is not so thickly pubescent. The cardiac and branchial 
regions are less protuberant and are separated from the gastric by a 
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Blight depreBsion only. The froDt projects slightly and is not so much 
deflezed its in the female. 

The chelipeda and ambulatory legs are like those of the female, 
except that the ambulatory legs of the right aide are like those of the 
left. 

The abdomen is broadest at the third segment, from the third to 
the sixth, the margins are straight and oonvei^ng, the sixth is 
abruptly contracted, and the terminal segment is nearly square. The 
appendages of the firat segment are rather stout organs, somewhat 
h^ry along the margins, and reach to the terminal segment. They 
curve inward for about two-thirds of tb«r length and then .outward 
again to the tips. The appendages of the second segment are short 
and are lodged in grooves at the bases of the first pur of append^^es. 

LoHUtr. Sex. L« 

Pekri Islsodt. Kale. 

I* Paz. Female. 
Peui lalands. ■ 



This species was found living in the Pearl Oyster {Margarito- 
phorafimbriata Danker), at the Pearl Islands, Bay of Panama, by F. 
H. Bradley. It has also been sent from La Paz, Lower California, by 
Capt. J. Pedersen. 

A sterile female IHnnothere$, found in an alcoholic specimen of the 
Pearl Oyster collected at the Pearl Islands by Mr. Bradley, probably 
belongs to this species. It agrees closely with specimens of P. mar- 
garita, described above, in the form of the external maxilli)>eds and 
the firm integument. 

The.carapax is more like the male than the ordinary female, bnt is 
narrower and more depressed. The front is more prominent and 
scarcely at all deflexed. The dorsal snrface is very slightly areola- 
ted, quite flat, and is clothed, except the cardiac region and a small 
space in the middle of the gastric, with a very dark, almost black, 
velvety pubescence. 

A single cheliped is stouter in proportion than in the ordinary male 
and female, and the pubescence upon the upper surface of the carpus 
and a small space at the base of the hand, is black as on the dorsal 
surface of the carapax. 

The ambulatory legs are Ickb pubescent than in the male, while the 
propodus and dactylos of the right leg of the second pair are longer 
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than in the oorreeponding 1^ of the left aide, but are not as long as 
in the female. 

Hie ahdomeo is not hroader than in the male, but the margins are 
slightly convex, it is not contracted at the sixth segmeDt, and the 
extremity is roonded. 

LflDfth of 0iirapai, G-1>bb; breadth oT (Mtapai, G-3n>n; nHo, 1 : Vdt. 

Pinnotheres Lithodomt, ■^ »«>▼■ 

Female. The carapax, in the single specimen examined, is much 
omehed out of shape, bnt the dorsal snr&ce is smooth and nalced. 

The meroB of the external maxilliped is broadest at the distal 
extremity, and both margins are nearly straight. 

The chelipeds are equal, smooth, and naked. The hands are cylin- 
drical, and the fingen are short, nearly straight, the tips are slightly 
hooked by each other, and the prehensile edge of the dactylus is 
armed, near the base, with a small tooth, vhich fits a slight excava- 
tion in the propodal finger. 

The ambqlatory lege are very slender and wholly naked, except 
the daclyll In tiie first pair, the dactyli are very short and only 
slightly curved ; in the second, they are considerably longer than in 
the first, and nearly straight ; in the third, they are very long, being 
Dearly as long as the propodi, slender, and slightly curved ; and in 
the posterior pair, they are aboat as long as in the second and are 
ciliated along the posterior edges. 

Breadth of carapax, aboat, 4*°™. 

The only specimen seen, was fonnd in a specimen of Jdthodomtu 
arutatm Forbes and Hanley which was in its excavation in the shell 
of a Spondybu collected at the Pearl Islands by F. U. Bradley. 
Althongh the specimen is very small, it has a Urge number of 
c^gs beneath the abdomen. 

Ostiaootheres EdwanU. 
OatraoothereB polltua, bp- dov. 

Female. The carapax is depressed, naked, smooth, and shining. 
The dorsal snr&ce is flat and the borders are smoothly rounded. 
There ia a short median salons on the front, and a very slight U-ehaped 
one extending from the orbits to the middle of the carapax. The 
front does not project beyond the anterior mar^ns. 

The external maxillipeds are smooth and almost entirely naked, and, 
in fonn, are oonsiderably like the figure of O. (^nie given by Edwards 
(Annales des Sciences natarelles, S"' s^rie, Zoologie, tome xx, 18S9, 
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pL 11, fig. II), but the meroB is wider at the distal end and the outer 
margin is not ho arcuate. 

The chelipedB are equal and all the eegroenta are rounded, smooth, 
aod glabrous. The bands are Butall and much compreseed. The fii^ 
gers are shorter than the basal portion of the propodns, do not gape, 
and the dactylos is slightly curred and is armed, near the base, with 
a small tooth, which fits a slight excavation in the propodal finger. 

The ambulatory legs are short, elender, oylindrioal, and smooth. 
Those of the first pair are shorter than those of the second, and the 
dactyli, in both the first aod aeoond pairs, are very short and curved, 
and close ag^nst the expanded end of the propodos, which ie clothed 
at that point with a little tuft of short, stiff' bur. Those of the third 
pairareabout the length oftfaose of the second piur, and the dactyli are 
short and curved, but the distal ends of the propodi are not expanded 
for their reception. The posterior legs are shorter than those of the 
second or third ptur, are much more slender than any of the others, 
and the dactyli are only slightly curved and are very long and slen- 
der, their length being about equal to that of the propodi. 

The abdomen is very broad and covers the whole stemum. 

Length of canpax, G'lini"; breadth of esrapAz, l-Z'^"; ntio,l:l-3S 
" " " 6-3 •' " " 8-3 " 1:1-33 

" " " 6-4 " ■' '■ 86 " 1:1-33 

Collected at Callao, Peru, by F. H. Bradley. 

The integument is quite thin and yielding, and the species undoubt- 
edly lives protected within some bivalve mollnsk (probably MytSiu* 
algosue Gould). It appears to differ remarkably ftom the other species 
of the genus in the depressed carapax and naked ambulatory legs, 
and I refer it to Edwards' genus with some doubt, although it agrees 
in the two-jointed palpus of the external mazillipedB. 

The other described species of Oitracotherea are; — 0. Savignyi 
Edwards {Pinnotheret veterum Savigny), from the Red Sea ; O. TVi- 
dactme Edwards (Rnppell), also from the Red Sea; and O. (j^gmit 
Edwards, from the Isle of France. 

Pinnaxodss HeUar. 
Plnnaxodes Chilensis Smitk 

PimtoOura GMeiuit Edwards. Histoire natiireUe dss Cruat, tome ii, p. 33, 1831; 

Edvards et Lucas. Vojage de d'Orbigny dans I'Amdrique mjridioiiale, Onut., p. 

13, pL 10, Bg. 3, IS48. 
A&u Ohiieiuii Sana, United Stntes Eiploring Expedition, Cnut, p. 383, 18BS. 
Piimaxodet AMipu Heller, Eeiee der oaterreiohiBchea Fregatta Novara mn die Erde, 

p. 88, pi. 8, ng. 1, 1866. 
Fmnaxodtt OhOmtit Smith, In Verrill, Amerioao Natur&li<it, vol. Si, p. I4S, 1889. 
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The parsBitio habits of this species have been fiiUy described by 
Prof. VerrilL* It inhabits Mtryechintu imbecxUit Verrill, living id a 
sac formed by the distention of the intestine near the anal orifice. 
The females, after they have arrived at any considerable sise, mnst 
remain permanently within the same echinos, since the anal orifice is 
much smaller than the body of the crab. 

I have examined qnite a nomber of individoals obtained Irom spe- 
cimens of the Euryeckinua collected by Mr. Bradley at Paita and 
Callao, Pern, and by Prof. James Orton at Paita, and have little 
doabt that the species figured by Edwards and Lneas and by Heller 
are identical, although the figures given by these authors are quite 
different. The specimens before me ^ree very well with the figure 
in the work of Edwards and Lucas, except that the outer margin of 
the carpuB of the external roaxillipede is not quite so much curved 
toward the distal extremity as in the figure. On account of the soft 
and yielding nature of the carapax, many of the specimens do not 
show distinctly the sulci in the dorsal surface. The figure given by 
Heller seems to have been drawn (loza such a specimen, for no suld 
are represented, 'llie carpus in the figure of the external maxilliped 
in Heller's work, is quite difiercut from Edwards' and Lacas' figure ; 
but the figure of the latter authors represents the whole maxilliped 
removed from the rest of the animal, while Heller's figure represents 
only the exposed portion, and was evidently drawn &om the maxilli- 
ped while in place, and, if the carpus were seen in a slightly oblique 
position, it would account for its narrower form in his figure. The 
dactyli of the ambulatory legs, as represented in Heller's figure, are 
somewhat longer than in our specimens. 

The peculiar habit is also a confirmation of the identity of the spe- 
cies. Heller's specimens were from Ecuador, and he says of them: — 
"Diese in zwei weiblichen Examplaren vorliegende Art soil nach Dr. 
Scherzer in einer EchiDUB-Art vorkommen." Neither Edwards nor 
Edwards and Lucas give anything in regard to the habits of the spe- 
cies, but merely state that it was found at Yalparaiso. Pana, how- 
ever, mentions it as " from an Echinus on the coast of Chili, near Yal- 
paraiso." 

A single specimen of a male, which evidently belongs to this spe- 
cies, was found upon the outside of an echinus which contained within 
it a female. This male is very small, the carapax is rather narrower 

* Thase Tr«nBsctioni, toI. i, p. 306, American Journal of Sdence, 2d Beriee, voL xllv, 
P- 13B, leeT, tmd Amerlcaa Nnturnliat, vd. iii, p. 24G, 1B69. 
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than in the female, the ohelipeda are stouter in proportion, and the 
ambnlatory legs are somewhat less hury. The carapax is of the 
same weak conuBtency, and the external maxilUpeds of the same 
fonn, as in the female. The abdomen is qnite narrow and aU the eeg- 
ments are distinct The margins are very straight to the sixth seg- 
ment, which is slightly contracted, and the extremity is broadly 
ronnded. 

A number of specimens giye the following measoremente, which are 
only approximately correct, on account of the soft and flexible nature 
of the carapax. 

LocnUtr. Bex. LcDfUi of ou^u. Bnidtli of eaniiKi. BmUo. 

CalUo. Male. j-eaia 2-6»in> 1: 0-98 

Faita. FemaJa 7 '2 7 '6 1 : 1-OS 

Callao. " 80 91 1 : 103 

Puta. " 12-3 12-1 1:1-04 

The genns Pinnaxodet is quite distinct from the typical species of 
Fabia Dana, in the form of the external maxillipeds, which are nearly 
longitudinal and much as in Pinnixa, with which, in fact, Heller com- 
pares them, while in Fabia tubqiiadrata, they are oblique and resem- 
ble those of Pinnotheres. The carapax also is qnite different in fonn, 
and in Fhbia, the snlci which extend back from the orbits are very 
deep and there is no median sulcus on the front, while in Pinncueodes, 
the snlci from the orbits are very slight, not more distinct than the 
median. 

Family, I>iB80DAcrTUD.A. 
This family, which is here established for the following genns, 
appears to be most nearly allied to the Pinnotheridee, but differs from 
that family, and in fact from all other Ocypodoidea, in the structure 
of the palate, or endostome, which is not divided by a median ridge 
separating the efferent passages. 

Dlssodaotylua,* g«n. nor. 

The carapax is depressed, the dorsal surface is smooth and not areo- 
lated, and the front is narrow and horisontal. 

The eyes are very minute, being much smaller even than in the 
PinnotheridcB. 

The epistome is very short, so that the labial border approaches 
very near to the front, leaving only a narrow space which is nearly 
filled by the antennulie. The labial border is regularly concave, as 
seen in a front view, is not interrapted in the middle by any projeo- 

* &iaai(, dufbx; M«nAef, digitui. 
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tion or enuirginatioD, and is continaona with the lateral margb of the 
bncoal area, which is broad behind as in the PinnotheridtB. The pal- 
ate ia not divided loDgitudinally either by lateral ridges or even by a 
median one, so that the efferent passages are not distinctly separated 
at their external orifioe«. 

In the external maxilllpeda, the isohinm is ooalescent with the 
mema as in the PinnotKeridce, and the palpos is composed of only- 
two segments, of which the terminal one ia lar^e and spatolate. 

The chelipeds are Binall and equal and the hands short and rounded. 

The ambulatory legs are small and slender and the dactyli in the 
three anterior pairs are abort and deeply bifurcate, while those of the 
posterior pair are simple and slender. 

Id the male, the sternum is flat and very broad, the breadth between 
tiie posterior legs being much more than twice as great as the breadth 
of the basal segments of the abdomen. 

The male abdomen is narrow and only three-jointed, the first and 
second segments anchylosing into one piece, the third, fourth, fifth, 
and sixth into another, and the tenninal being free. The verges are 
sternal and the appendages of the firat segment are large and stoat, 
while those of the second segment are very amalL 

Dissodaotyltis nltldoa, v^ dot. 

Male. The carapax is broad posteriorly, the breadth at the poste- 
rior margin being bat little less than that between the lateral angles, 
and the postero-lateral mai^^ins are about as long as the antero-lateraL 
The dorsal snr&ce is naked and polished, and is slightly convex in 
front and along the lateral margins, but flat in the middle and poste- 
riorly. The antero-lateral border is slightly arcuate and is armed 
irith an nptumed margin which curves suddenly inward at the lateral 
angle, and extends a third of the way to the middle of the carapax. 
The postero-lateral border is nearly straight and is armed with a slight 
upturned margin. 

The meruB in the external mazillipeds is of aboat equal width at 
base and sammit, the inner and outer mai^ins are nearly straight, and 
the angles at the summit are rounded. The segments of the palpus 
are qmte long, and, when folded down, the tip reaches to the anterior 
margin of the stemnm ; the terminal segment is spatalate and its dis> 
tal end quite broad and squarely truncated. 

In the chelipeds, the merne extends but little beyond the margin of 
the carapax; the carpasis short, smooth, and unarmed; the hands 
BK smooth, rounded, somewhat swollen, and the fingers are alender, 
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acutely pointed, slightly deflexed, and the prehensile edge§ minutely 
dentate. There is a small tnft of dense pabescenoe on the inferior 
edge of the propodal finger near the base. 

The ambulatory legs are slightly hury along the edges, and the 
meri, carpi, and propodi are somewhat oompressed. In the first, sec- 
ond, and third pairs, the dactyli are smooth, naked, and divided half^ 
Tay to the base; the divisions are cylindrical, acntely pointed, 
slightly curved, and the anterior one of each teg somewhat longer 
than the other. In the posterior pair, the daotyli are nearly straight, 
slightly compressed, antcate above and below, and naked. 

The first and second segments of the abdomen are narrower than 
the third and are completely anchylosed, but the snture which sepa- 
rates them is slightly shown for a little spaoe in the middle and each 
mde. The succeeding piece, composed of the third, fourth, fifth, and 
sixth normal segments, is slightly expanded at base, considerably con- 
tracted at the distal end, and does not show the slightest trace of any 
sutures. The terminal segment is small and forms a nearly equilate- 
ral triangle. 

The append^es of the first segment reach almost to the terminal 
segment, they are strught for the basal two-thirds, and the terminal 
portion is turned sharply outward at an obtuse angle. The basal por- 
tion is hairy along the outer edge, and the terminal portion, on both 
edges. 

The color, in alcohol, is dirty white, the carapax marked with irreg- 
ular, transverse bands of purplish brown, and ^e divisions of the 
daotyli in the first and third pairs of ambulatory legs tipped with 
dark brown. 

Length of carapax, 4'7'°'°; breadth of carapaz, 6-l°""; ratio of 
length to breadth, 1 : 1-08. 
Collected at Panama by F. H. Bradley. 

Unfortunately only a single specimen was sent home by Mr. Brad- 
ley, and on this account, as well as from the minntenesa of the species, 
the description is not so complete as might be wished. Althongh so 
small, the integmnent is firm and indurated, and the sexual oi^ans are 
fully developed, bo that it is evidently an adult. The structure of the 
endostome shows a very remarkable approach to the Oxystomata. 
The efi'erent canals do not, however, issue in a deep and narrow median 
opening as in that group, but seem to he spread out over the whole, 
broad, concave surface of the endostome, while the external maxilli- 
peds retain the form peculiar to the Hnnotheridie. The form of the 
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caraptx, the miiinte eyea, the peculiar, OetrftcotheFes-Iike, external 
iDftzillipedB, the broad male stemnm with the vergea ariaing &om it, 
and the narrow male abdomen, abow close affinity with the Pitinothe- 
ride, bat the imion of ao many segmentn of the male abdomen sepa- 
latea it again from that family. 



. KIPIANATION OF FLATEa 
Pun n. 

Alldie Sgnrmue natural size, exoept 3, II, sad 11*, and all we copied from photo- 
gi^bs, except 6" . 

Fifore 1. — edaniMU pugnax. CBt«p«x of ■ mftle, troin New HftveD. 
Siguit) i. — G. rapaa. Anterior portioa of the carapax oT the male, wen pttril; la a 

fnwt Tiew and enlarged two diameters, f 
Ugan 3. — G. nwrdcut. Carapaz of a mala, ft>om Pari. 
T^an 4. — G. nunoav Ganpaz of a male, thnn New Haveo. 
T^fon 6. — G. omudM. Carapaz of the male, IWiiu the Gulf of Foneeca. 
ngme 6 — O. hettrophOialmitt. fl, carapaz of a male, tmm the Qulf of Fonaeca. 6> , 

tanniiud pcation of the ocular peduncle, on the side of the larger cheliped, with its 

a^^e^ SMU in a front view. 
ngue 1. — a. AetvvplMrM. Carapaz of a male, fKm the Qolf of Fooaeca. 
llgiiTe 8. — a. prmeept. Carapaz of a female, from Coriato. 
Rgnn 9. — O. onuUat. 9, oarapax of the female. 9* , &cial r^on of the same 

Kgnce 10. — G. pritK^at. Carapaz of a male, ftom Corinto. 

Figim 11. — G. gMotiu. 11, carapaz of the male, anlai^ two diameters. II*, out- 
fine of the front of the nme epedmen, enlarged two diameters. 

PLilK III. 

AH the SgnreE are natural size, and all from phologi^hs, except 4^, B, and 5^. 

Figute 1. — Gtlarimv* Merophthahrua. 1, outer surface of the hand of the laiger cheli- 
ped. !■ , inner surtkce of the band of another specimen. 1<> , anterior surfaoe of 
IhemertiBOf the same cheliped as figure I. 

Rgme 3, — O. hdtnplainu. 3, outermrfaoe of the hand of the larger dieliped. 3* , 
mner suTfaoa of the hand of another q)ecjmen. 3<> , anterior sur&ce of the merua 
of tame chaUped as flgnre 3* . 

Figure 3. — G. prkutpt. 3, outer surface of the hand of the larger cheliped. 3* , ha- 
Bid piHtian of the inner surface of the hand of another specimen. 3^, anterior sur- 
&ce of die menu of the same dieliped as Bgure 3*. 3°i, eztemal maxllliped. 

Fignre 4. — O. artnatu*. 4, oater surflice of Ote band of the larger cheliped. 4* , 
anterior curface of the menu of the same dieliped. 4fi,V,4fl, ambulatory legs 
of the posterior, of the third, and of the second pair in the same apedmen. 

Flgare B. — O. orwriui. B, outer surface of the hand of the female. [>' , B^i , fit , ambu- 
litoylcigB (J the posterior, of the third, andof the eeoondpair in tbesame iqwdmen. 
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PLitllT. 

AU the flguTei are natural size, and all bora photogn^ihs, eiMpt 2^^, 6l>, 1^, &*, and 9 . 
figure 1, — Odanmut miwuc. 1, inner gmfaoe of Uie liand of tli« larger cheliped of a 

nuJe, from BluBton, S. C. 1* , anterior surfaoe of the menu uf the ««me idieliped. 

1>>. outer Hurfaoe of the hand of Uie taiger cheliped of a male, from New Hawn, 

(from the aaine epeotmen bh fljure 1 on plate II). 
Figure 2. — O. pnfoax. 2, inner tiuface of the hand of the larger cheliped of a male. 

2* and 3<>, outer surfWce of (be hand of the larger cheliped in twomalea. 3< , ante- 
rior surface of tliemerus of the larger cheliped of a male. 3ii , aMomOD of a male. 

All the gpecimena from New Hayen. 
figure 3, — 0. rapacc Inner surface of the liaud of the larger cheliped of the male, 
figure 4. — O, mordaa. t, inner surfaoe of the band of the larger cheliped of a nude. 

4* , outer turfsoe of the himd of the larger cheliped of a young male. Both speci- 

mens from Part- 
Figure S. — O. Panmtuntit. 6, inner surface of the hand of the larger cheliped of * 

muk, from Panama. 6*, anterior surface of the merusof tbesame specimen. 
Figure e. — O. lubcyUndrieut. 6, outer surTaoe of the band of the larger dieliped of * 

mate, from Matdmoraa. fl*, mner surface of the basal portion of the same hand. 

eb , shdomen of the same spedmen. 
Kgure T. — O. fugikUor. 1, outer surface of &e hand of tJie larger dielip«d of a male, 

1* , abdomen of a male. Both specimens from New Haven, 
figure B. — O. giibomit. 8, outer surface of the hand of the larger cheliped of the male 

from the Qulf of Fonseca. B* , abdomen of tbe same specimen. 
Figure 9. — O. prittegM. Abdomen of a male trom Corlnto. 

Platb V. 
An the dgures are natural die. Figures I, I*, 2, and 2* are copied fh^a photogTBjdw, 

all the othera from drawings. 

Figure 1. — OpiiOtocera OHmemL 1, dorsal view of the whole animal 1>, fadal 
r^on. I>>, abd<Hnen. 1*, one of the first pair of Bbdominal appendages. 1<<, 
one of tbe second pair of abdominal appendagea All the figures from the male 
collected at the lale of Pines. 

ngure 2. — EpHaboeera amala. 1, fadal region of one of the female specimens in the 
cdlection of the Boston Societ; of Natural History. 2* , outline of the anterolate- 
ral margin of the carapAi of the same specimen. 2^, external maxilliped. 

Rgure 3. — Cardiitoina ffiuMAttmi 3, one of tbe appeudages of the first segment of 
de abdixnen of a male, from the florida Eeys. 3* , side view of the same. 

figure 4. — Oardiotoma quadralum. 4, one of the appendages of tbe first a^ment of 
tbe abdomen of a male, fV<Mn Pernambuco, BracQ. 4* , nde view of the same. 

Figure C. — Oantiotoma erasnm. i, one of the appeodages trf the first segment of 
the abdomen of a male, ttoai Uia Qulf of Fonaec^ S*, aids view of the same. 
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IV. — On soue alleged speciubns of Indian Onomatop<kia. 
Bt J. Hammond Tedubull. 



Profebsob D. Wilson, in " Prehistoric Man " (2d ed., p. 63), hss 
remarlted, that " primitives originating directly from the observation 
" of natural Bounds are not uncommon among the native root-words 
"of the New World." In proof of this, or as "specimens of Indian 
onomatopceia," he has given twenty-six names of animals, which he 
had "noted down chiefly horn the lips of Indians speaking the closely 
allied Chippewa, Odahwa aad Mississaga dialects of the Algonquin 
tongue^" 

Such evidence, introduced on so respectable authority, is of snffl- 
dent importance to invite scmtiny. Its importance was evidently 
not underrated by Prof. Wilson himseli^ for he teUs ua that, in " the 
" names of animals clearly traceable to imitation," — " this nearest ap- 
"proximation to verbal creation," — is to be found that which "car- 
"ries us back to the very foundation of language, and helps to solve 
"one of the profoundest problems in philology.*' {li., p. C6). 

The podtiou that onomatopceic primitives are not uncommon in 
North American languages, will be generally conceded,— even by 
" those who share Prof. Wilson's conviction that " the onomatopteio 
" theory will neither account for the origin of language, nor supply a 
"complete series of roots /or any portion of the vocabviary." {p. 68). 
So far, then, as these selected specimens serve to establi^ih that posi- 
tion, it matters little whether they are well or ill chosen. But so sei> 
viceable a collection is not likely to escape the notice of those who 
nuuntain, with more zeal and lens discretion than the author of /Va- 
hittoric Man, the universcdity of the imitative principle in language. 
Several of Prof Wilson's examples have already been appropriated 
by a well-known writer (the Rev. F. W. Farrar, in his Chapters on 
Language, pp. 24, 25,) to sustun the position, that, in the vocabulary 
of almost every savage nation, " almost every name for an animal it 
a striking and obvious onomatopmia."* To this sweeping generali- 
sation, I shall have a word or two to say, presently. First, however, 
I propose to examine some of Prof. Wilson's specimens, for the pn]> 

* 'HiiB aMeTtion is qaoled b; Hr. "Wedgwood in his TOlnms "On the OrjgJD of 
lADgUAge," (p- 2B). 

TBAHa Comtaoncm Acad., Vol. n. 13 Jult, 1870. 
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pose of estimating the value of the whole collection, as evidence of 
the predominance of the onomatopisic element in the vocabulary of 
the North American languages. 

These languages, it must be premised, have — even in their principal 
dialects — been so superficially studied and are so imperfectly known, 
that it is not always possible to trace derivatives to primitives, even 
when the fact of derivation is obvious, — or to prove the negative 
against every assumed onomatopceia, by exhibiting the true etymol- 
ogy. Of some of the names under consideration, I can say no more 
than that their onomatopffiic origin is not, pritnd facie, apparent, and 
that they are quite as lik^y to be proved holophrastic or descriptive, 
as mimetic. Of others, I can more positively affirm that they Have 
not the least chum to inclusion with specimens of onomatopteia. 

Take first, the name "koo-koosh, the sow." This is specially no- 
ticed by Dr. Wilson (p. 62) as " purely onomatopffiic." It is, in faot, 
one of a considerable group of derivatives from a well-defined Algon- 
kin root. When the hog was introduced by European colonists, the 
Algonkin tribes of the Atlantic coast adopted its English name, — 
modified by the characteristic affixes of the Indian animate-nouns. 
In Eliot's translation of the Bible in the language of Massachusetts, 
'swine' is rendered by pigs for the singular, pigs-og for the pluraL 
Roger Williams, in the Narragansett, wrote, dng. hogs, and pigs / 
pi. k6g»wtk, pig»-uck ; Rasles, for the Abnaki, pikest, pL pike-ak. 
Sometimes, however, the Indians transferred to this (as to other newly 
introduced species) the name of some animal previously known, 
which the new-comer was thought most nearly to resemble, or they 
compounded a new name which denoted such a resemblance. The 
Narrsgansetts occasionally called swine by the name of the Wood- 
chuck or Ground Hog, Ockqutchaan, — which R. Williams describee 
as " abont the bigness of a pig and rooting like a pig." {Indian Key, 
ch. xvii) This name signifies 'burrower' or 'digger.' Similarly, 
the Shyennes — an ofl'-ehoot of the Algonkin stock— call the pig, the 
' sharp-nosed dog ' {eh&siiio turn), and the domestic cat 'the short- 
nosed dog' {kaet^oPum). 

Koo-koo»h is a Chippewa form of a descriptive name which was 
periiaps first used by the Delawares or Nanticokes. It is found (as 
jhos Axm) in the vocabulary of New Sweden compiled by Campanius 
before 1696. The root, k6 or koo, has its place in nearly all Algon- 
kin langnages. It signifies < sharp-pointed.' Hence, in the Massa- 
ohnsetts as written by Eliot, k6^i», 'a thorn, or briar;' kd-uAguodt, 
'an arrow' [lit. 'sharp-tipped,' or 'sharp at the end,'] and kdwa 
(Narr. c6 tooto / DeL eu we), ' a pine tree,' named, as in other laa- 
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gnftgea, from its ptu-like leaves. Hence too, the Algonkin name of 
the only native animal vliicb hae a pin-like or bristly covering, — the 
porcupine, [Abn. kanois, 'thorn,' 'spine;' Jeanntak, a porcupine's 
sHd, lit. 'pin skin;' Cree, kawk'wA, porcupine; Chippewa, kaagk ; 
Blackfoot, k(A sio.] In nearly all dialects, the affix '«A (strongly aspi- 
rated) denotes aversion or depreciation. For example, in tho Chip- 
pewa, chimaun means 'a canoe;' ckimauiAah, 'a. bad or worthless 
canoe;' AomjA, ' a porcupine,' and katiffk-dgh \gag-osh, Baraga,] 'a 
bad porcupine.' This name is etymologically identical with 'koo 
kooth,' a bog, — and the latter, so far &om being a tme specimen of 
onomatop(eia, is seen to be built up, from its monosyllabic primitive, 
to describe " a bad animal with a bristly {or, pin-like) skin." 

Only one other name of a quadruped appears in Dr. Wilson's list: 
"Pe-zAeto or ^t-zAew, the Lynx or Wild Cat," The Indians of Maa- 
sschusetts called the domestic Cat poopohs* and Dr. Kckeringf 
thoaght that this name might have been "formed from the English 
poorpma.''^ But Roger Williams gives j>um^!^/i as the Karragansett 
name of the Wild Cat, and Kasles's Abuaki Dictionary has penouia 
for ' Chat,' — which, again. Dr. Ilckering thought might be a corrup- 
tion of "the ^miliar English ptM« or T^WMy." Without accepting this 
derivation, it seems plain enongh, at least, that the Xarr. puea6ugh 
and Abnaki petouis are equivalents of the modem Chippewa pe ihoe 
or pe zheui, ' the Wild Cat,' and of the Menomenee pay a/tay eu>. The 
Chippewa name of the Panther is mWei^ zhew, ' great pezheto ' or 
'great Cat.' It is not impossible, certainly, — ^but it is hardly proba- 
ble, that a name which appears in so many forms and which has been 
given to the domestic Cat, to the Lynx, and to the Panther, origina- 
ted by imitation of the cry of one or another of these animals. 
Those who mamtain the universality of onomatopceia, are entitled to 
tiw benefit of the doubt. 

Of the twenty-six specimens presented, nineteen (or nearly three- 
fonnhs) are names of birda. Four or five of these are apparentty 
mimetic ; six or seven are poaeU'Iy so ; and nearly all the rest are 
demonstrably derivative, and independently significant. As might 
have been anticipated, the names of Owls and of the Crow are among 
those which are least doubtfully onomatopceia The Chippewa Aro-;to'- 
hho (Mass. kook kook haua ; Karr. ko ko' ke hotn / Mohawk, o-ho-ho- 
woA / Onondaga, ke kS a ;) represents very nearly the call of the Cat 

• CottoD'B Tocabular^, 3 ICass. Hist. CoH, iL IGS. 
f In tiote to Bulw' Abnald Dictjonaiy, b. v. Chat. 
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Owl (Sirt/x Virffiniana). " JTaA kah be' aha, the Screech Owl " onght 
not however to be separately counted as an ' OD0inaCop<eic primitive,' 
for it is merely the diminnttve of the name which Dr. Wilaon writes 
"gahkauban,* a small owl which repeata the cry y«A ftow," — perhaps 
the Long-eared Owl (& otut). So also, " Oo-oome-^ee," another 
' screech owl,' is a regularly formed diminutive, — * the little Oo-oo,^ — 
denoting probably the Gray Screech Owl {8, ruevia). 

" Aund a gosh' kwan, the crow " and " 6ah gau ge shin, the raven," 
are both derivatives, in the dialect of the Saginaw Chippewas, from 
the primitives ahn daig and ka gd gL The former is perhaps onoma- 
topffiic ; the latter, obviously so. 

"Tehindeet, the blue jay," and ^'■Denddai, the bull-frog," are 
counted as two specimenH. The former (in Chippewa proper, dain 
da' «ee or An (2S c£), is a diminutive of the latter ; and the jay is the 
** bull-frog bird." So, of the two names of ' the gull,' one ' gah yau»h 
ko than ' is a derivative of the other, gai a*hk (or, as Dr. Wilson 
writes it, kvh yaxahJc), the more common Chippewa form, which may 
or may not be onomatopffiic. 

The first specimen in the list (and the first which is borrowed by 
Mr. Farrar,) is 

"Shisheeb, the duck." In the Massachusetts language, Cotton 
wrote this name 'aee^.' It has the same sound in the Cree, ^tee' seq>.^ 
In Chippewa, both sibilants are aspirated, 'ahee aheeb^ or, as Dr. Wil- 
son has it, ' ahi aheeh.'' The root, M<p or sheeb enters into the conipo- 
ution of the names of several species of water-birds or divera. In 
the Labrador dialect one species of duck is called maahethSp [L e. 
'great afteeb^']; Cotton gives gunuaaSpa [evidently compounded of 
^nnt 'long' and s^], as one name for 'dnck:' in the Chippewa, mui 
ud a chib [from mule ud a, ' dark' or 'black,' and aheeb), is the name 
of the ' black duck,' and was the title of a famous warrior of that 
nation, on the Upper Mississippi, some fifty years ^o; and in the 
same language, the cormorant is called ka-gorgi-vii aheb, or ' roveii- 
like dock; ' &0, Shee'-afteeb, or ai^ip, ie the frequentative or inten- 
sive form ; and, in some of the western AlgonMn dialects, this receives 
one or more additional syllables, as in the Shawnee, ae^ aee' bah; Sag- 
anaw-Chippewa, ahi ahe^ be an, — both which forms are unmistakably 
verbaia. The root, aip, signifies primarily, to esetend, to atrOch out, 
and secondly, to dive. (Eliot wrote *aeaepa' eu,' * he stretches him- 
self') The Massachnsetts ^aea^^ the Cree ae^ aeep, the Chippewa 

* " Noctaa ludfUgtuB oaeuhat in tenabrift"— Auct PhOomtiai. 
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thee' aheeb, and the Shavnee »e^ tee' bah, are nameo of a diving 
bird, — literally, a duck. Compare, Lat. mergus irom mergere; Dntcb 
duyefcer (a dob-cbicb) from duyckcn (to bow the bead). 

The name ' ah dh %oa, a diver, a kind of duck,' is less doubtfully ono- 
matopteic. This bird is the totem of one of the principal families of 
the Chippewa nation, from which have come some of their most 
renowned sachems. 

Dr, Wilson supposes that the " Pati-pau^ay, the common spotted 
woodpecker," is bo called " from the sound it makes in striking a tree 
with its bill." Perhaps so; but, to uncultivated ears, the name does 
not so exactly reproduce the sound as to compel belief in its mimetic 
ori^n. He describes the woodpecker as " spotted." Why may not 
the Indian have fixed upon the same distinguishing mark? Paupau 
eay is the Saganaw name. Id the Menomenie, we find pah pah tich 
for the woodpecker, pah pah nay ew for the robin, and pahpeqtioh 
kah for the toad. In the Chippewa,^oA be' ko dain' dai Ig the " speck- 
led toad " (dain-dai meaning ' toad ' or ' frog '). In the Delaware, pa 
pacheea (as Zeisbei^er wrote it), is 'woodpecker,' and popocua, 
'partridge,' or quail. In the Abnaki, the verb pepemghigou signi- 
fies *he is spotted^ ("il est mouchet^," Rasiea), The modem Cree, 
pa pa toy oo, has the same meaning. If paupau tay is onomatoptelc, 
it is certainly descriptive, as well, — and marks a 'spotted' bird. 

" Mooth-kah-ooa, a kind of crane which frequents marshy places, 
'* and makes this sound, with a choking cry, in the evening," Mooth- 
kah-oot, or mootfJeowetk, is the Chippewa name of the bittern {Ardea 
lentiginota). " Frequenting marshy places," it derives ite name from 
Chip, mafia koosch, ' a marsh or bog,' or mooa-keeg, ' a Gwamp,' — both 
words being nearly related to mush-koo-deh, a meadow or prairie, and 
more remotely to Chip, mwsA koot ieut or »i3zA u»i, ' green grass* 

Why " No-no-no-CMO-ee" as a name for the Humming Bird, is put 
among specimens of onomatopteia, is not easily guessed. Was it aap- 
posed to 'imitate' the little creature's length of bill? No polysylla- 
bic name in any American language is lees doubtfully synthetic and 
independently significant. The root ngk, or nonk (with on nasal), is 
nearly equivalent to the Latin tener. It means ' tender,' ' delicate,' 
'soft;' hence, 'light of weight' {levia), 'slender,' and sometimes, 
'yonng.' Roger WiUiams translates ndui-i, by 'light.' Cotton's 
Vocabolary has nonk-ke, and (as a prefix or in composition) n6nk; 
for ' light.' Eliot wrote noohk4 [it is], tender, or soft ; with an ani- 
mate gabject, nookk-isK, [he IsJ tender, or soft, — applied to the flesh 
of a young animal, as in Genesis xviii, T : and in composition, he 
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wrote nunk-omp {= light male, or young male) for ' boy,' or stripling. 
The modem Chippewa has nearly the same form of the animate verb- 
adjective, nQ4ci-»ee, which, by intensive rednplication, becomes no^if- 
kS-see, ' he is very tender, or light.' So, in the old AInaki, we find 
nan-nunket-ea-oo \= nj-n^ft-e*^«-u], ' il 08t leger ' (Rasles). In a Chip- 
pewa Vocabulary published by Schoolcraft (Zfia^ory, <fic. of the Indian 
Tribes, V. 599), I find " no no' kaw s&, the humming bird." With the 
double augment, as Dr. Wilson wrote it {no-no-no-ccms-ee), the name 
becomes a superlative, and denotes " an exceedingly light, or slight, or 
delicate creature," — as if we should say, ' the tiny-tattmiest little crea- 
ture.' 

If we prosecuted our examination throngh the whole list of names, 
we should find that not more than one-fourth of them could be fairly 
set down as onomatopceic And if this is true of a few carefully 
selected specimens, gleaned from three dialects, how much less is 
likely to be the proportion of such names, in the whole voeabalary 
of any one tribe? 

It may be safely affirmed, that by far the greater number of names 
of animate beings are not, in any Algonkin language, onomatopceic 
primitives, but are descriptive derivatives from predicative roots ; 
that some names of birds, rallies and hisecis are apparently formed 
by imitation of natural sounds, but that the species so named are 
generally those which are more often heard than seen, and conse- 
qnently more easily indentified by tlieir cries, or by sound, than by 
peculiarities of form, color, or habit ;• and finally, that it is yet 
doubtful if any Indian name of a quadruped can be shown to be 
purely onomatopceic. 

Of many animal-names, the composition or donvation is sufficiently 
obvious. Of others, the form of word or observation of changes 
which it has undergone in passing from dialect to dialeot, enables us 
to say confidently that they are compounds or derivatives, and not 
primitives formed by imitation. 

How utterly unfounded is Mr. Farrar's assertion of the universality 
of onomatopoeia in the vocabularies of savage nations, may be shown 
by a few examples taken for the most part from eastern Algonkin 
dialects. 

* Thorwu. ta bd account or a caaoe-Toyage up the Penobscot, remarked that his 
(plide (an Aboski Indian) "sometimea could not tell the nameof eome small bird whid) 
[Thoreau himself] heard and knew, but he said, '' I tell all the birds about here, — 
thia i-ountry; can't UU lU^tua noiie, bat I tee 'era, then lean ttU." — Maine Woods, 
p. 112. 
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The Beaver (Mass. tuinmuTik; Nanrag. tummSck; Abu. tema 
^kou&/) U a ' Cutter-off ' or 'Feller' [of trees]. Another name (Abo. 
aiMtkou; DeL amochk; Crae amiik; Chip, atnik/) Bignifies the ani- 
mal which ' puts his head out of the water,' i. e. the air-breathing 
water-animal. 

The Otter (Narr. nk&ke; Alg. nikik;) ie a 'Biter,' or rather, 'He 
' who tears with hie teeth.* The Delaware name {gunnamochk, Zeis- 
berger) means ' Long beaver-like animal.' 

The Raccoon, was called by the Delawares ' Soft hande ' {ij)tacke- 
Unsehe, Zeiab.), and ' Scratcher ' (nachenum). The latter name is the 
equivalent of the Abnaki aritkanb, and the Virginian aroughcun or 
arocoun, corrupted by the English to ' Raccoon.' 

The Bear was sometimes called a ' night-walker ' (Narr. puvk^n- 
natedto) ; and the same name was given to the constellation Ursa 
Major, perhaps because it was seen to ' travel by night ' about the 
pole star. Another and the more common name of the Bear, ugnifiee, 
I think, the ' Hugger ' or ' Squeezer ' {Cree, mUekwah ; Mass. mo»q / 
Chip. maJtnod ; Del. machk). 

The Panther, in some eagtem dialects, was ' Long Tail ;' in Chip- 
pewa and other western languages, he was the ' Great Lynx.' 

The Moose (Abu. moos; Narr. mdos;) was a ' Smoother ' or ' Trim- 
mer ' of trees ; so called Irom his manner of feeding by stripping the 
young bark and the twigs from the lower branches. 

The Oppossom, in Delaware, was ' White Face,' or ' Great White 
Pace.' 

The Horse received from the Indians of New England and Dela- 
ware a name which might pass, better than some of Dr. Wilson's 
specimens, for onomatopoeic (Narr. nay-nay-o^m-e^wot, R. W, ; Mass. 
nah-nai-j/e^m-oo-adt, Cotton) ; but it is in fact a verbal, and signifies 
"one who carries on his back an animate burden," The Chippewas 
called him " The animal with undivided hoofs," and sometimes " my 
"servant" or "my domestic animal," par ixcdlence (n'rft). The 
Blackfeet named him " elk dog " {pu »o kd mi ta), and the Sioux, the 
"marvelloos (or supernatural) domestic animal." 

The Bald Eagle was ' White Tail ' (DeL Koapalanne, Zeisb.). 

The Red-tailed Hawk, K borealis, was ' Red Tail ' (DeL meechga- 
tonne, Z.; Mass. mashguanon). The Swallow-tailed Hawk, F. (A'att- 
denu) furcatus, was the Delaware ' Fork tail ' {ckautealanne) proba- 
bly, which Zeishei^er calls " an Eagle with a forked tail." 

The Turkey, in eastern dialects was ' Scratcher ' (Abn, ne he me ; 
Narr. neyhom). 
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The King-bird, 7)/rannus intr^idua, was called by the Nairagan- 
settB and other New England tribes, " the Sachem." 

Examples might be multiplied to hundreds, bnt enough bare been 
given to answer the present purpose. 

If time permitted, I would direct att«ntion to some curioos featores 
of Indian nomenclature of animals and plants that are not without 
interest to students of language. Just now, I will mention only one 
of these, namely, the generic affix, or formative, by means of which a 
specific or individual name is referred to a known class, fomily or 
group. For example; the names of certain aquatic ur-breathiog 
animals, such as the Beaver, the Otter, the Muskrat, &c., receive, in 
some dialects, a common sufiix, derived from a verb which signifies 
" to pnt the head out of water " or " to come to the surface ," some 
rodents are characterized by a generic affix as " biters," and others 
are, in the same way, classed with " scratchers " or " tearers." In 
the Algonkin, these generics foUoV), in some other languages they 
ixeipr^/x^to the specific names. Thns, in Dakota nouns, the prefix 
ta- limits the signification to nAiiinftiing animals ; too—, to animals of 
' bear kind ;' Ao-, to 'fish kind.'* Similar afiises are employed for 
the classification of vegetables and plants. One distinguishes such 
&nits (melons, cucumbers, squashes, etc.) as may be ' eaten raw ' or 
'before they are ripe;' another (min or minnk), which may be 
regarded as an inseparable noun-generic, makes part of the names 
of edible ripe fruit, grain, nuts, Ac, — especially of berries and other 
small fruit ; a third refers to one class all plants which produce edible 
tvberB, (potatoes, the several species of ground-nuts, Ac) ; and so on. 
It is true that the American languages are deficient in general names, 
but it is likewise true that this deficiency is in great measure com- 
pensated by the number of inseparable generics which ent<-r into the 
composition of specific names. Sometimes this afiix is purely gram- 
matical, — the formative of the participial or verbal which is used as 
a noun, — and has no independent significance. Such is the termina- 
tion -gun or -jegun, which characterizes a numerous class of nouns tn 
the Chippewa and other nearly-related languages. This is the forma- 
tive of a participle of causative verbs, and denotes the inatrument by 
which the action of the verb is caused or effected. Mr, Schoolcraft 
was led into the error of regarding this terminal -gun or -jegun as a 
primitive noun, " denoting, in its modified forms, the various senses 
implied by our words 'instrument,' 'contrivance,' 'machine,' Ac* 

* I^gB, Dakota Grammar, g S3. 

I Information respoctiiig the IikUdd Tribes, Ac, vol. ii, p. 390. 
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Ur. F&n-ar, in Chapters on Langvage^ (p. 34), has fallen into a vorse 
DUBtake. In illnetration of the aesomed fact that, "in eome cases the 
" onomatopoeic inetinct is bo strong, that it aeoerts iteelf aide hy side 
^ with the adoption of a name" from a foreign language, — be tells 
IIS that " the North American Indian will speak of a gun as an ut-to- 
toA-goD, or & paush-tke-zi-gan." Ut^o^aArgan, as Mr. Fatrar might 
have learned by a more carefnl reading of the page of ' Prehistoric 
Man' from which the word was borrowed, signifies — not ' a gun,' but 
'a belL' Moreover, the final -gvn which Mr. Farrar mistook for an 
'adopted' English name was, as I have pointed out, merely the 
formative of the instrumentive participial. The Chippewa name for 
'gun,' — -pawsA^iz'-ei-jfun, literally ' instnmient of explosion ' or 'ex- 
ploding instrument,' — ia not more indebted to the English for its last 
syllable than is (in the same language) op waH girn, ' a tobacco pipe ' 
[smoking instrument], ne bau gun, ' a bed,' pug gi mau gun, ' a war 
club' [striking instmment], or nimibagun, 'a water pail.' It would 
be easy to prove that neither ut-to^ah-gun nor puush-Mzzi-guii is 
directly or purely onomatop<B)c, but the demonstration is uncalled 
for. It IB plain enoagh that as illustrations of the exercise of " ono- 
matop<eic instinct," Mr. Farrar'a examples were not well taken. 
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HE MOLLUSCAN FaUNA OF TBB LATER TeBTIABT OF 

Pbeu.' By Edwaed T. Nbmon, Ph.D, 



The folIowiDg pages give the resQlts of an examination of a collec- 
tion of fossil Mollnsca from Zorritos, Pem, presented to the Museum 
of Yale College, in 1867, by Mr. E. P. Larkin and Pro£ F. H. Bradley. 

The paper is simply a preliminary one, giving a catalogue of the 
genera found in the collection, with descriptions of a part of the species. 
It is to be hoped that other collections may be received from that very 
iateresting region, both in order to complete the fauna and to afford 
the means for the description of many species, which, in this oollectioD, 
are too imperfectly preserved for satisfactory description. 

O-ASTEROPODA. 
Bulla, ap. ind- 

A single specimen vas found, resembling JBuUa Adamsii Mke., but 
differing in the following points. Shell less convex above and propoi^ 
tionally broader at the extremities. Aperture, below, also appears 
broader than in any specimen of S. Adameii that I have seen. Fur- 
ther specimens may prove this to be a distinct species. The outer lip 
is slightly broken, and hence the following measurements are only 
approximate. Length 24-6 roillim.; breadth 16*6 millim. 

Callopoma lineatum, ep- "ov. 

Plate VT, figure 2. 

Shell turreted; spire elevated; whorls six {?), convex. Upper 
whorls slightly depressed in front, marked by a few, strong, siibnodu- 
lons ridges, alternating with finer revolving lines. 

Body whorl very convex, marked above by two strong tuberculose 
ridges, and laterally and below by a few revolving lines, varying in 
size, as on the upper whorls. Whole surface marked by very fine and 
numerous longitudinal lines, rather broader than the spaces between 
thenL Apertnre not observed. 

Length (4 whorlfl] 15'8 millim.; breadth 13*8 millim. 

* ,\ graduating tbesifl preaeuted at the SbefBeld ScienMc Sdiool, Julf, 1869. 
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This beautiful species, although qaite dietinct, cloeely reeembleB 
both GaOopoma taaoeum Wood &nd CaUopomaJtuctxtosumtlawe. 

From U. taxoaum it ma^ be distiDguished by having the whorls 
less flattened above ; lacHag the row of tuberclen at top of the body 
whorl; and Id having much finer and smoother longitudinal lines. 
From C. Jiuctuoeum it may be distinguished by lacking the strong 
rowB of tubercles near the base of the body whorl ; by having fewer 
reTolving lines, and stronger and more distinct longitudinal ones, 

Calloponia, ap. iocJ. 

I refer to this genua a very large cast found with the preceding 
species. It gives the following approximate measurements: length 
105 millim.; breadth 95 millim. 

Calliostoma nodulifermn, "p- qot. 

Plate VI, figure 1. 

Shell conical and elevated ; whorls six, moderately convex ; sutures 
very distinct. Surface of spire marked by a few nodnloua or beaded 
lines, six to eight on each whorl, well elevated and about half the 
width of the spaces between them. Body whor! convex above, keeled 
below, marked by the beaded lines and intermingled finer nodnlous 
ridges. Aperture subquadrangular ; outer lip sharp; columellar lip 
covered thickly by callus. 

Length (4 whorls) 8*8 millim.; breadth lO'd millim. 

The marking of the body whorl is very peculiar and characteristic. 
The strong elevated lines bear on their summits a row of nodules 
resembling beads, while alternating with these lines there are finer 
ridges, also nodulous. This species is less elevated, has more distinct 
sntnres and fewer strife than Calliostoma Uma Phil, the nearest 
related species. 

UvajuUa^ *p- '"■^ 

I refer very doubtfully to this genus a specimen too poor for identi- 
fication. It if) mostly in the state of a cast and l>ears resemblance 
to this genns. External characters mostly wanting. 

Breadth 77'2 millim. 

Crepidnila, up- >^A- 

Genns represented by six casts. The generic relation was proven 
by breaking open one of the casts, when the transverse partition 
became apparent. 
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Cruoibulum iuerme, »p- dot- 

MoBt of the Bpecimena of thU genuB are also oaste, but a fortanate 
break lud open the interior of one and showed the " cup " of a Crucib- 
vlum. The shell ie oblong-oral, twice as long as high, aad smooth 
externally, thns differing from all known species of the West Coast. 
The cup is large, semi-lunar, and apparently strongly attached to the 
shell along the whole of the convex side. On the free margin the cap 
is depret»ed, with a ehallow sinnfl Bimilftr to that in C. gpinosus Sby. 

The following are the approximate meaaurementa : shell, length 
24 millim.; height 11*6 inillim; cnp, length ]3'4; height 8 millim. 

Vennotus, sp. ind. 

I refer to this genus, doubtfully, a mass of irregular tubes which 
may, perhaps, be those of a species of Serptda. In the size of the tabes 
aud manner of growth it resembles somewhat the species now living 
on the West Coast, but no characters remain for identification. The 
size of the tubes varies from six to eight millimeters. 

Turritella plana, ap. nov. 

Shell elongated, turreted, with from 13 to 19 (?) nearly flat whorls, 
gradually tapering to a point. Whorls flat above, slightly convex 
below, marked by fine, equal revolving lines, 20 to 25 in the space of 
5 millim. SuturcB deeply impressed and broad. Two lower whorls 
much more convex than the upper ones ; revolving lines stronger and 
crossed by distinct lines of growth. 

I have not seen a perfect specimen of this very interesting species, 
and hence measurements and the numWr of whorls can only be given 
approximately. A specimen consisting of the 8 lower whorls gives 
the following measurements: length 117*4 millim.; breadth 34'6 mil- 
lim.; breadth of upper whorl 13'4 millim. A fragment belonging appa- 
rently to the same specimen gives for the length of the upper seven 
whorls 35 millim. 

The species may easily be distinguished from any with which it 
might otherwise be confounded, by its nearly flat whorls and equal, 
thickly crowded, revolving lines; its impressed sutures; and the con- 
vexity of the two lower whorls. 

Turritella sutiiralls, sp- dot. 

Shell turreted, whorls twelve to fifteen ; upper ones regularly con- 
vex ; lower ones most convex about one-fourth fit>m the bottom of the 
whorls ; marked by four to seven strong, sharp revolving lines, which 
are strongest on the lower whorls. Above and below the point of 
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greatest converitf the Btroug lines are supplemented by finer and 
more numerous ones. 

Snturea very deeply impreased. No perfect specimenB found except 
yonng shells. A specimen with six whorls measures ; length 76*00 
millim. ; breadth 25 millim. ; breadth of upper whorl 12*6 mitlim. A 
yonng specimen meaeuree: length -SO'l milUm, ; breadth 10*6 millim. 

This species seems almost as variable as abundant. Some of the 
specimens resemble T. tigrina Kien., but may easily be distinguished 
from that species by the greater convexity of the whorls, and 
stronger revolving lines. On all mature specimens the finer ^triatton 
of the lower part of each whorl is very characteristic, but in younger 
epecimene the striations appear nearly uniform from base to apex. 
Some few specimens show occasional fine lines, intermediate between 
the larger and stronger ones. The place of greatest convexity of the 
whorls varies in a few specimens, owing to a flattening of the whorls, 
lanes of growth very distinct on some specimena 

Tmritella biiastlgata, sp. nor. 

Shell tarreted, slender ; whorls twelve to sixteen, flat or slightly 
concave, except the body whorl, which is regularly convex ; wborla 
bordered on each side by a strong obtuse ridge. 

Intermediate spaces ornamented by fine rtuaed, nearly equidistant, 
revolving lines, about ten in the space of five millimeters. Suturea 
small and narrow, or rendered indistinct by the development of the 
bordering ridges. Body whorl somewhat oiJnvex, except in young 
shells ; strongly wrinkled by the lines of growth, which, on well pre- 
served specimens, are sharp and acute. Base of this whorl marked by 
from seven to ten lines, nearly as strong as the ridges of the upper 
whorls. Aperture rounded; outer lip thin anl slightly produced 
below. A specimen consisting of the seven lower whorls gives the 
following measurements: length 61 millim.; breadth 10' 1 millim,; 
breadth of upper wborl 7 millim. Nine whorls from a younger 
specimen gives: length 39*05 millim. ; breadth 10-6 millim.; breadth 
of upper whorl 3'2 millim. 

This interesting species shows some resemblance both to T. plana 
Nelson and T. goniostoma Val. But T. plana is a much stronger 
shell, and lacks the bordering ridges, so characteristic of this species. 
7! gonioatoma Yal. has only one bordering ridge, viz., on the lower 
ode of each whorl, while a central ridge gives to the whorl a slight 
convexity, which this apecies lacks. 
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TuiTitella, "p- ini 

Shell elongated, turreted ; whorls broad and very coooave ; Batares 
indUtinct. Surface just above each suture marked by a very strong 
ridge. latermediate eur&oe marked by a few distinct concentric 
lines, five to aeven on each whorL If the characters just given be 
constant, this species is very distinct from any of those described 
above, and from any now living on the West Coast It is perhaps most 
nearly related to T. bifastigata Kelson, but has the whorls more concave 
and lacks one of the bordering ridges. Only four specimens of this 
species were found, all ao badly worn and covered by Bryosoa and 
Serpulte that it is impossible to give a more detailed description. 

Eight whorls measure : length 63-4 millim. ; breadth 19'4 millim. ; 
breadth (basal, along the ridge) 26'2 '"'Hi'". ; breadth of upper whorls 
fi'0 millim. 

Aphera Penaaaia. ap. nov. 

Plate VI, figure 3. 

Comp. Oaaeeaaria teaMOata Ebj., Proc ZoCL Soo. Loud., ]SS2 ; Ekner, IcoDOg., p. 32, 

pi. 9, %, 4. 
Aphei-a laiellala Adams; Chetiu, Manuel Ooncb. et pal&, ii. p. 316. 

Shell elongated, sub-fusiform ; spire short, pointed, formed by five 
or six moderately convex whorls. Body whorl large, three-fourths 
the length of the shell, ventricose. Surface marked by nearly equal 
longitudinal and transverse ridges, which form strong raised cancella- 
tions, and are so arranged as to form blunt, obtuse granulations at 
the point of contact 

Longitudinal lines finer, and much crowded near the outer lip. 
Aperture oblong-oval, narrow, half as long as the shell. Lips covered 
with callus, which is continuous above and below the aperture. Callus 
of columella lip strongly reflexed over the shell, much broader above 
than below, almost completely covering the umbilicus. Outer lip 
thick, and reflexed above, furnished within with a few rather strong 
teeth. Inner lip with two plaits near the center, the upper one being 
much the stronger. There is also a plait at top of the lip, small 
but quite distinct Canal wanting. Aperture prolonged into a short, 
open sinus. Length 17'4 millim. ; length of spire 4'4 millim. ; breadth 
10 miUim. 

This species closely resembles Aphera teaaeUata Adams, but is dis- 
tinguished from that species by its Iras slender form, stronger oanoel- 
lating ridges, by its shorter and more open aperture, and by the third 
fold at the top of the oolnmellar lip. 
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Canoellaria triangularis, sp- nov. 

Plate VI, figure 10. 

Shell ovate, veiitricose, spire elevated acuminate, composed of five 
or Bix whorls. Three upper, are regularly convex, and marked by 
prominent ribs and lines; the remaining whorls are very angular, 
flattened and depresBed above. Body whorl large, very triangular, 
nearly two-thirds the whole length of the shell, strongly depressed. 
Sntnres distinct, but not prominent. 

Ribs strong, ten to twelve on each whorl, and well marked on the 
top of each whorl. Whorls of spire are marked just below the su- 
tures by two or three distinct but fine lines, and much depressed in 
front of them ; and marked laterally by three strong ridges, the upper 
one nodulous. Body wborl with the ribs strong above, gradually 
disappearing below, and with nine to eleven transverse, nearly equal 
lines, which form, with the ribs, quadrilateral cancellations, averaging 
*■ millim. by 1*8 millim. 

Aperture long and narrow ; outer lip thin. Columellar lip covered 
by a thin callus, strongly reflexed over the whorl above, and having 
within two strong plaits, the upper one much the larger. Um- 
bilicus small, nearly covered by callus, surmounted by a prominent 
keel Canal short, nearly straight and open. Length 25-4 millim.; 
length of epire 7*6 m'H'™, ; breadth 17 millim. 

Canoellaxia spatiosa, sp. dot. 

Shell ovate, ventricose; spire short, elevated, acuminate; sutures 
distmct, especially the one separating the spire from the body whorL 
Whorls seven, convex. Body whorls very convex and ventricose, 
three-fourths the length of the shell, broadest near the center of the 
shell and rising into more or less of a shoulder above the aperture. 
Surface of upper whorls not examined. Remaining surfeee smooth, 
except the markings of the lines of growth. 

When the outer surface is removed there is seen a series of strong 
transverse lines, about five or six in the space of 10 millim. Aper- 
ture semi-oval, nearly as long as the body whorl ; outer lip sharp, 
marked within by rather dbtant teeth, which extend well into the 
interior, but gradually thin out. Columellar lip covered by a strong 
thick callus, which spreads over the convex sur&ce of the whorl, and 
over the ombilical region, rising within the aperture into three strong 
pluts, the upper being mnch Iiurger than either of the others. Canal 
short, open, slightly reflexed, and surmoonted by a prominent keel. 
Oar largest specimen msaBares: length 6S-4 millim.; length of spire 
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ISmillim. ; breadth 4846 miUim. Second specimen measures: length 
61*2 millim. ; length of spire 12*2 inillim. ; breadth 42'2fi miilim. 

Canoellaria Bmdleyi, sp. nor. 

Plate VT, figures 8, 9. 

Shell thick, orate ; spire turreted, elevated, and actiminate, com- 
posed of bIi convex whorls, slightly depressed above. Whorls sepa- 
rated by distinct sutures, and marked by from 13 to 16 strong, nearly 
equal ribs to each whorl, and four or five revolving elevations. 

Body whorl somewhat ventricose, convex ; ribs more distant and 
accompanied on some specimens by lines of growth. Aperture oblong- 
oval, prolonged into a short, open, and slightly reflexed canal. Outer 
lip thick and smooth. Colnmellar lip covered by callne, almost 
covering the umbilical region; furnished within the aperture with 
two strong folds, the upper much the largest. Umbilical ridge strong 
and rugose. 

Length 27*1 miUim. ; length of spire 8*4 millim.; breadth 16-Tfi 
millim. 

Canoellaria LarUnii, ap. nor, 

Plate \T, fignre 7. 
A fifth species of CanceUaria has the spire elevated and turreted; 
whorls slightly depressed abov& Sutures deeply impressed. Body 
whorl ventricose, three-fourths the length of the shell; ribs strong 
above, but absent over the base of the whorl ; transverse ridges 
strong and distinct. A row of strong, acute tubercles covers the 
center of each upper whorl, and the point of greatest convexity of the 
body whorL Outer lip very thin, and furnished within with a few 
strong teeth. Colnmellar lip with two nearly equal plaits, and a third, 
quite indistinct one, below. Umbilicus sfnall, covered by a deposit ot 
callus. Umbilical keel very strong. Canal short, open, and slightly 
reflexed. Owing to the bad state of preservation of oar specimens it 
is impossible to give exactly the measarements or number of whorls. 
Our most perfect specimen gives, for four whorls, these measnrements : 
length 27 millim. ; breadth 16 millim. A much larger specimen 
measures (6 whorls) length 40-1 millim. ; breadth 2S i n'll'"» . 

Strombua, sp. ind. 

This genus is represented by four specimens in the condition of casts, 
which bear strong resemblance to the young of 3. Penectanua Swain. 
Ontline conical, reflexed below. The lai^est specimen has the oater 



by Google 



Nelion on Tertiary MoUittca of Peru, 1 B8 

lip produced above the top of the ahelL These characterB, together 
with the general form, lead me thna to refer the specimens, althongh 
specific determination is impoadble. 

Myurella taberosa, ap. nov. 

Shell torreted, slender and acuminate ; whorls eight to ten, depressed 
or slightly concave, except the body whori ; sutures indistinct Cino- 
(lure broad, elevated, with obtuse tubercles, not as wide as the spaces 
between them. Lon^tudinal ribs distinct. Whorls marked by &om 
four to six nearly equal transverse ridges, which rise into strong tuber- 
cles over the ribs. 

Body whorl lai^e, over one-third the length of the shell, depressed 
sbove, convex below, rising in the middle into more or less of a 
shoulder. Shoulder marked by two or three concentric ridges, cov- 
ered by tubercles much lai^r than those of the others. Base 
nearly destitute of tubercles, but with the concentric lines very dis- 
tinct Whole snrfoce, on well preserved specimens, marked by fine, 
minute, longitudinal lines. Aperture elongated-oval ; outer lip 
sharp; columella plicated; canal well reflexed, with the keel only 
moderately elevat«d. Only three specimens of this species were 
found, all having the apes slightly broken. Seven whorls give the 
following measurements: length 26*2 millim.; breadth at shoulder 
8'4 millim. ; breadth at upper whorl 1 '95 millim 

Uynrella, sp- in^-t ^ 

A badly worn and broken specimen apparently represents another 
spedes. Whorls convex. Cincture scarcely raised above the level of 
the whorU, marked by rather small tubercles, and separated by deeply 
impressed sutures. Longitudinal ribs strong. Body whorl evenly 
convex and without a shonlder, concentric lining indistinct. Four 
whorls, giving the following measurements, show this to be a less 
slender species than Af. tyheroBa Nelson. Length 26*46 millim. ; 
breadth 10*4 millim ; breadth at upper whorl 8-4 millmi. 

If the characters given above be constant, the specimen is qnite 
distinct from the M. tuberoia, but it has not characters sufficient 
fer complete specific determination. 
MiynrBlla, *ip- iod., b. 

A single specimra differs from the species described above in having 
only slightly convex whorls and indistinct sutures. Cincture elevated 
above the level of the whorL Longitudinal ribs strong ; transverse 
ridges broad. Three whorls measure : length 26-2 millim.; breadth 
8a millim. ; breadth at upper whorl 7*45 millim. 

TUKB. OomnonocT Adad., Vol. II. 13 Jult. 1B70. 
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Pleurotoma, ap- ind. 

I refer to this genua three Bpecimens too imperfectly preserved for 
specific determination or measurement. They agree in form and 
details with this genua, bnt further specimen^ will be necessary to 
settle the question accurately. 

COUUS, V- <D<l-i ^■ 

Three species of Conus occur in this coUectioa The first resem- 
bles C. mahogani Rve., and might at first sight be coofonnded with 
that species. Bat the two may easily be distingniahed by the whorls 
of the spire. Id C. mahogani the spire is regularly conical, and the 
whorla have all an eqnal elope, while in this species the whorla are slight- 
ly turreted. The transverse lines of the body whorl are also alightly 
narrower and extend further up the side of the whorl. This species 
is a very abundant one, both as casts and well preserved specimens. 
Length 20 millim. ; length of spire b'06 milUm. ; breadth 8-96 millim. 
A larger specimen measures: length 36*2 millim.; breadth )0'2 
millim. 

Conus, sp. ind., B. 

Our second species more closely resembles Conus purpurascent 
Brod., but has the spire more elevated than the average of thftt 
species ; whorls more depressed above, and the transverse strite less 
distinct or wholly wanting. Body whorl not examined. Length 73'4 
millioL ; breadth 39*2 millim. 

Conus, sp. ind., C. 

This species, represented by four specimens, is remarkable for the 
very short spire. The shell is nearly fiat above, except the last three 
or four whorls, which at the sammit rise into an acuminate spire. 
Sutures very distinct Oar largest specimen gives the following 
measurements : length 75 millim. ; length of spire 6 millim. ; hr«adth 
47-8 millim. 

Solarium sexUneare, sp. oov. 

Plate VI, figure 11. 
Shell circular, depressed ; whorls seven to eif^t, moderately convex, 
separated by distinctly marked sutures, ornamented by broad, sab- 
eqnal revolving lines. Body whorl large, twothirds the heighth of 
the shell, marked with four revolving lines, of which that next the 
BDtnre is the broadest, the remaining ones nearly equal in size. The 
line which forms the edge of the whorl is doable the width of the 
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others. Base marked by eix revolving lines. First narrow, separated 
by deeply marked sutures. The next four form a series, narrowing 
toward the interior, or umbilical region. The last, forming the wall 
of the umbilicus, is broad and deeply notched Umbilicus widely 
opea Three specimens, only, of this species have been found, all 
slightly worn ; it is therefore impossible to state the superficial mark- 
ings of the upper whorls. The species, however, appears to bave 
been notched transveraely. Length 13'B millim. ; breadth 26'2 
millim. This species resembles S. granulatum Lam., but that species 
has seven lines on tbe base of the body whorl, instead of six as in 
our species. 

Polluiods subangulata, ep- dot. 

Plate VI, figures 4, 12, 13. 
Shell varies from obliquely oval to sub-globular, moderately heavy 
and ventricose ; spire short and pointed ; whorls from six to seven, 
convex ; body whorl large, nearly seven-eighths the length of the 
shell, convex, slightly produced anteriorly, broadest about one-fourth 
from top. Prom this point the whorl slopes, becoming very much flat- 
tened and presenting a marked angular appearance. Surface marked 
by distinct but irregular lines of growth. Sutures quite indistinct, 
except when the epidermis is sightly worn ofl^ Aperture semi-lunar, 
half as wide as long, broadest a little below the middle. Outer lip 
sharp and thin. Columellar Up covered by a very thick callus, which 
rises into a more or less prominent ridge at the broadest part of the 
shelL Unabilicus small ; in most specimens reduced to a mere chink 
by the callus, which is prolonged below. Young, medium sized, 
and full grown specimens give the following measurements : 
lirA, LSDgth, 12-B millinL Breadth, 9-4 millini. 



This is the most common species in the collection. In manner of 
growth it resembles P. uber Val. sp., and is as variable as that species, 
Tonng specimens of the two might easily be confounded. The young 
are obliquely-oval ; by growth tbe body whorl becomes ventricose, 
and the flattening of the upper part becomes more distinct and 
prominent. The umbilicus also varies greatly. Li some specimens 
it is open and almost circular in outline, while in others it is almost 
completely closed by a thick covering of callus. All full grown 
epedmens, hence, may easily be distinguished &om any species with 
which they might be confounded, by the short spire, the flattening or 
angularity of the body whorl, and the small nmbilicns. 
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Malea, «p- lod. 

I refer, very donbtfiilly, to tbis genus three casts, which resemble 
somewhat the yonng of M. ringena Shy. Further specimens are 
neoeasarf to settle their relations accurately. 

Argobuecinum Zorritense, ap. nov. 

Plate VII, figures 1, 2. 

Shell slender, ventricose-, spire elevated, conical; whorls about 
seven, moderately convez, and depressed above. Sutures distinct, but 
not deeply impressed. Surface marked by strong, flattened revoLvit^ 
ribs, varying in width. Spaces between the ribs well marked, as 
wide or wider than the ribs (except on the body whorl), smooth, 
or oniameDted with fine revolving lines. Upper ribs of each 
whorl somewhat nodulous, forming a more or less distinct sboolder. 
Body whorl large, more than half the length of the shell ; ribs 
wider than the spaces between them; apper ribs forming a dis- 
tinot shoulder, depressed above, and forming & strong angulation with 
the rest of the shell ; lines of growth strong, giving to the whorl 
somewhat of a cancellate appearance. Aperture oblong, regularly 
ovate, and broadest just above the center, one-third as long as the shell. 
Outer lip sharp and having within numerous teeth, ezten^ng 
well into the interior of the shell, nearly equidistant, about one- 
fourth as wide as the spaces between them, and ten in the apace of 
6 rniUim. Oolumellar lip covered thinly by callus, which is thickened 
below into a distinct ridge. Umbilioua wanting. Umbilical keel 
strong and rugose. Canal open, short and reflexed. A large specL 
men measures: length 51*2 millim. ; breadth 29 millim. A smaller 
specimen gives the following measorements : length 8£'4 millim.; 
length of spire 18 millim. ; breadth 19*2 millim. 

This species, one of the finest of the whole collection, is very abund- 
ant, especially in the condition of casts. One cast measores : length 
G9 millim., by breadth 30 Tnillim, On all mature specimeais the 
nodulous character of the top of each whorl is very oharacteristic. 
On the body whorl these nodules rise into obtuse tubercles, about ten 
or twelve to the whorl. In matare specimens, also, the lower whorl is 
produced in front, having its greatest width near the central line of 
the whorl, and cauung the aperture, when viewed obliquely, to 
appear somewhat quadrilatcraL Young specimens differ in lacking 
the teeth of the outer lip, and the tubercles of the body and adjacent 
whorls. 
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Ultra, Bp. iud. 

Three flpevimens have been found, which I refer to the same species, 
and to this genus. The spire is very elongated. Sutures distinct, 
whorls moderately coDvex. Body whorl slightly depressed and 
angolated above. Outer lip sharp and thin. Colnmellar lip covered 
by callna and fiirnished with four strong plaits. The two upper are 
nearly equal in size and much larger than the lower ones. The speci- 
mens are BO badly worn and broken that it is impossible to give any 
characters except those mentioned above. Our largest specimen, of 
five whorls, gives as measurements : length e8'2 millim. ; breadth 
U-i millim. 
Marginella Incrassata, «p- nor. 

Plate VT, figures 6, 6. 

Shell large, conical, ovate, two-thirds aS wide as long, thick. 
Spire rather short and acuminate. Sutures indistinct. Body whorl 
regularly conical, very convex, broadest one-fourth from top, forming 
a well roonded shoulder, and tapering rapidly from this point to end of 
spire. Aperture linear and narrow. Outer lip with the margin thick 
and broad. Colnmellar lip wiih four nearly equal, well developed 
plaits ; the two upper more widely separated than the lower ones.* 
Measurements as follows : 

Toiing, Length, 20'80'™> Length of spire, 2 ■GOo«a Breadtli 10-40™" 
Medium, 23-OB 3'6K 140 

UUure, 2T-8 301 186 

This large and fine species may easily be distinguished from any 
now hving on that coast by its proportiouate measnrements, by its 
thicker outer lip, great prominence of the top of the body whorl, and 
the short spire. 
OlivB, sp. ioi.. A. 

This genua is represented by a specimen slightly resembling 
0. palpaster like., but the body whorl is less regularly convex ; pro- 
portionally broader near the top of the whorl and hence more coni- 
cal Our specimen gives the following measurements: length 3T'4 
millim. ; length of spire 6*3 millim.; breadth 19'I millim. 
Oliva, sp- ind-, B. 

A badly worn specimen differs from the preceding in having a shorter 
ipire, and the body whorl proportionally broader. No other charac- 
ters observed. Length 41-2 millim.; length of spire 3*4 millim.; 
breadth 24 millim 

* The upper pidt la not repr«a«nted in the figure. 
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Cuma altemata, "p- nov. 

Plate VII, figures 3, 4. 

Shell alender, fusiform ; spire elevated, turreted and pointed ; whorls 
six or seven, convex, separated by well-marked sutures and orns" 
merited by a series of rather prominent ridges, about eight to each 
whorl. Ridges rise in the middle of each whorl into obtuse tubercles. 
The body whorl is large, somewhat ventrlcose, about two-thirds the 
length of the shell, very convex, broadest about one-fourth from the 
top of the whorl or near the middle of the shell. Ridges on this 
whorl are very distinct, but gradually disappear as they approach the 
suture, and are entirely wanting over the lower half of the whorl. 
Surface marked by raised revolving lines, arrange<l in two series; 
between every two of the larger ones there are from one to five 
smaller, nearly equal ones ; about six of the larger in the space 
of fi millim. Striationa much lai^er on the lower part of body whorl. 
Aperture oblong-oval, half as long as the shell. Outer lip with a row 
uf small, equidistant teeth, about six in the space of 6 millim., but 
which do not extend into the interior of the shell. Columellar lip 
smooth and overspread with callus. Canal wide, open, and reflexed. 
Umbilicus small, reduced to a mere chink in most specimens, bordered 
by a large well defined keel Length 52 millim. ; breadth 33'4 
millim. 

This species, which must have been very beautiful when living, 
mav easily be recognized by the concentric striations, which ^tTer 
notably from any other species known to me. Three species have 
been described from the Panamian fauna, all of which have stronger 
lines than the C. aUemata. 

This species is distinguished from Cuma tecta Wood, by its more 
strongly marked sutures ; by its less sharp and angular tubercles; 
liy lacking the tooth of the columellar lip; by finer teeth on the 
outer lip; and by its more orbicular mouth. From Cuma kiosqui- 
yor/nf« Duel., it diflTers in haring less pointed tubercles; by lacking 
the loose laminie of growth which cover the sutures of that species, 
and by the longitudinal imbricating lines, 

Stromblna lanoeolata sby. sp. 

Co/umieOi lonwoiota Sowerby, Proc Zool. Soc. Lond., p. 116, 1832; Kiener, loonog., 

pL IS, flg. 2. 
Str^mbina kmetotabt CarpenWr, Rep. Britiah Assoc. 1856 ; Chenu, Man. de Concb. 

et pale., 1869. 
Shell slender, fusiform, and turreted; spire long and tapering; 
whorls seven or eight, moderately convex, flattened above. Sutures 



by Google 



y^on on Tertiary MoUusca of iVu. 199 

distiiiot. Surface of apper whorls, marked by a row of strong taber- 
clea, eight to ten on each whorL Body whorl large, ventricose, and 
triangular in shape, half the whole length of the shell ; arched in 
front and quite depressed above ; marked by one strong tubercle on 
tbe back just below the suture ; by a strong transverse oblique ridge 
on the left of the aperture ; by a more or less distinct ridge along the 
ODter Up ; and by a low ridge connecting with the lai^e tubercle. 
Base of the whorl marked by a few concentric lines. Aperture long, 
narrow, and slightly winding. Columellar lip covered by a thin 
callus. Outer lip thickened within and marked by a few strong teeth. 
Canal open and nearly straight. The following are the measurements 
of this species: length 27 millim. ; breadth 11*4 millim. 

I have been unable to find any differences between the Bpecimons 
of Strombina in this collection and specimens of iS. laiiceoUUa in tbe 
Mnseum of Yale College, and I therefore, without hesitation, pro- 
nounce them the same. This it a very interesting circumstance, for 
the majority of the species, though closely allied, are very clearly 
distinct from the species now living on the west coast. 

Clavella sollda, sp. nor. 

Shell oval, ventricose, and heavy; apire moderately elevated and 
tapering. Whorls five to seven, more or less depressed above. 
Sutures distinct. Body whorl lai^e, more than two-thirds the length 
of the shell, regularly convex, depressed above the shoulder, which 
is laige and strong, and forms a very distinct ridge, extending more 
than half aroand the shell. 

The upper whorls are marked by a series of longitudinal ridgea, 
eight or ten to a whorl, and crossed by strong, equidistant, revolving 
lines. Tbe two lower whorls are destitute of the ridges, but orna- 
mented by revolving lines, which become more or less indistinct on 
the body whorl in mature specimens. The base of the body whorl is 
marked by much stronger lines. Variable in size. Aperture oblong- 
oval; outer lip thin. Canal long and slightly reflexed. Umbilical 
chink bordered by a broad keel. Measurements as follows: length 43*2 
nillim. ; breadth (at shoulder) 306 miHim. ; breadth (below shoulder) 
28 millim. 

This species bears strong analogy to C dUtorta Wood, but is a 
stronger shell, has a shorter spire, and finer and more numerous revolv- 
ing lines on the upper whorls. 

TTie shoulder is convex above in C. distorta, but depressed in C 
toiida. 
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LAMELLIBRANCHIATA. 
Pholas, "p- 'Dd- 

Thia genuB is repreBented by one very badly broken specimen. 
Generic characters quite distinct, bnt not snflicient for specific deter- 
mination. Lengtli (from nmbo to middle of ventral margin) 30-4 
millim. ; breadth 32 miUim. ; height 82 millim. 

Panopsea, Bp. ind 

A broken valve, apparently belonging to thie genus, occurs in this 
collection. No species of this genus has been described from the 
Panamic fauna, and only one species from the west coast, the 
P. generosa Gould, from Puget Sound. Our specimen, if perfect, 
wonld have had a length of perhaps 15 centim. and a breadth of 
7 '50 centim. 

Corbula Bradley!, sp. am. 

Shell very ventricose ; wedge shape, umbos lai^e, convex, incur- 
ved over the hinge area. Anterior margin rounded; lunule very 
deeply impressed ; ligament area twice the length of the lunule ; 
strongly angulated with the posterior margin. Hinge tooth large, 
recurved; fossette triangular and deeply impresBed. Surfoce of 
shell marked by strong, convex, concentric lines, separated by nai^ 
row but well marked spaces, about five of the lines in five millim. 
Length 18*8 millim. ; breadth 20 millim. 

The triangular shape is very characteristic, as also the angulation 
of the posterior mai^n ; beak very prominent. 

Corbula, sp. tad. 

A single valve of this speoies was found ; it diSers from the pre- 
ceding species in being much less elongated and having much finer 
concentric striation. Shell oval ; beak smaU. Anterior mai^^ 
rounded ; posterior acaminate and elongate ; tooth lai^e, straight ; 
fossette rather small. Length 10 millim. ; breadth 14*8 millim. 

Boleonrtns, sp. ind. 

This genus is represented by two broken specimens of a species 
allied to S. <i^7ii» C. B. Ad. It differs from that species in having 
the callosity of the ligament much more evenly extended, and not so 
aonte, and the shell is more evenly elevated behind than 8, c^init. 
Our speoimeos are casts, except the posterior extremities. Length 26 
millim : breadth 66- millim. 
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TcUisa, Bp. ind^ A. 

I refer to this geuia a badly broken Bpeoimen, having the general 
form of a TeOina, though do charactere remaiu for its detenmnation. 
If perfect, our specimeo would have about the following measure- 
ments : length 33 millim. ; breadth S5 milUm. 

TelUna, Bp. ind., B. 

A specimen, of which it is imposeible to see the binge, I also refer 
to this genua. It is proportionally broader than the last apecies. 
Surface marked by fine, nearly equal, flat strife. Length 8-8 miUim. ; 
breadth 15'40 millim. ; height 8'4 millim. 

Maotra. Zorritensis, ip. qot. 

At least two species of Maotra are found in this collection. The 
shell of the first is ventricose. Umbos convex, prominent, incur- 
ved. Anterior margin long, sloping; posterior margin strongly 
angulated with the lateral marfpn, and depressed. Hinge line nearly 
Btnught; fossette impressed and triangular; cardinals divergent, 
forming a pronunent V; laterals very large, well developed. Length 
13'1 millim. ; breadth 21 millim. ; height ll'OB millim. 

Maxitra, sp- ind. 

This species may be told from the preceding, which it very mooh 
resemblea, in being broader, having less prominent umbos; and 
being less convex; posterior mar^;in not so angulated. Length 12 
millim. ; breadth 18-2 millim. ; height I'd millim. 

? Hajrvdlla, sp. ind. 

I refer to this genus, doubtfully, some large specimens, which are 
mostly casts. From lack of specific characters it is impossible to 
settle the relations definitely. Our beat apecimen sbowB the umbos 
convex and impressed; ligameut area very deep; surface of shell 
marked by strong concentric ribs. 

Dosiiiia graiidls, sp. dov. 

Shell large, solid, sub-equilateral ; length and breadth neariy 
equal; broadest just aixive the middle line. Beaks elevated, nearly 
central, curved inward and forward. Lnnule heart-shaped, very 
deeply impressed, two-thirds as wide as long, marked by striationsi 
wMch become finer as they pass into it. Anterior end abort. An- 
terior and posterior ends nearly equally rounded. Ligament large ; 
scar long, striated longitudinally. Sur&ce covered by a tliick epider- 



by Google 



202 Nelson on Tertiary MoUusca of Peru. 

mis, and marked by broad, flat, coDcentric ribs, which become larger 
aDd smoother over the middle of the shell, bat not wholly obsolete. 
With the epidermis removed the shell still showa the striations, 
especially about the beake. Hinge line nearly straight, very broad. 
The median tooth (cardinal) of the right valve is large and pointed; 
posterior cardinal deeply bifid. Lateral tooth large, nearly as long 
,is the posterior cardinal, and parallel with it. In the left valve the 
median cardinal is bifid throughout the upper half of its length. 
Hinge area forming a very obtuse angle with the ligament area. 
Muscular Rcars and palial impression not observed. A young and a 
full grown specimen give the following measurements : 

Young, Length, 46'06="° Breadth, 4'?'1"™ Height, 22-6™ 

Mature, " 9660 •' 963 '■ 4T 2 

This is the most common bivalve in the collection. The species is 
peculiar in that the young specimens are proportionally wider than 
long, while full grown specimens are slightly longer than wide. The 
species most nearly resembles D. ponderosa Oray, but is much thicker 
and stouter, more elongated, and has the sulcationa more distinct. 
D. grandis is much larger, also, than D. Dunkeri Phil,, and more 
elongated, and the ribs are coarser and flatter. 

Chlone variabilis, sp- nov. 

A very variable species, somewhat resembling Chione gnidia 
Brod. and Sby., and also allied to Chione a/mathutia Sby. The 
" concentric frills " are not preserved, but the position of the scars 
which they have left, and the arrangement of the radiating ribs, 
show the species closely allied to Chione gnidia. 

It differs from that species in having the central tooth of the hinge 
► line more strongly furcate; in having the ligament scar less deeply 
impressed and the lunule broader. The shell is also proportionally 
longer and the posterior margin shorter. The crenulationa of the 
hinge mai^in resemble Chione gnidia, while the teeth more closely 
resemble C. amatkuaia ; the cardinals are, however, more divei^ent 
and apparently more rounded on the summit. Measnrements as fol- 
lows: length 28-42 millim. ; breadth 30 millim. ; 2d, length 28-65 mil- 
lim. ; height 19-9 millim. 

mens having a length of SO to 60 millim. occur, but not per- 
ugh for measurement. 

. ap. md., A. 

the preceding species there was found a fragment of a right- 
'hich differs in having the Innule very elongated and the urn- 
reaching to the margin. 
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Chione, "P- ind., B. 

A species closely relnted to Vkione amatkutia Phil., ia represented 
by three specimeiiB in very poor condition. In form it agrees very 
closely with the typical forms of Chione amathvsia, but it appears to 
have been a thicker shell ; the Innule ia proportionally broader, the 
breadth nearly equaling the length. The " concentric frills " are much 
more onmerons, bat ae the hinge line can not be seen the exact rela- 
tionB of this species can not be made out. 

Length 46 millim.; breadth 64'4 millim.; height 34*6 millim. 

Crassatella gibbosa Sbj. 

C. gibboaa Sowerbj, Proc. Zool. Soc, London., p. 56, 1B32. 
Plate Vrr, figare 9. 
Shell oval, very fpbbons, marked by strong, flat, concentric lines ; 
surface smooth. Umbos depressed, nndnlate. Anterior margin 
regularly rounded, short, with the lunule very deeply impressed. 
Posterior margin longer, distinctly angulate, and strongly ridged ; 
ligament area very long and narrow. Hinge line nearly straight; 
teeth divergent; cardinals bifid; surface between cardinals coarsely 
creoulate ; remaining surface of hinge area finely nodulose ; fossette 
large and triangular. Yonng shell depressed and surface undulate. 
Three specimens give the following measurements : 

Length, 104 millim. Breadth, lCi'2 millim. Heipht, undetenniDed. 



This species is of special interest I have been unable to find any 
constant characters of difference between our specimens and those of 
C. gibboea Shy., in the Museum of Yale College. Differences observed, 
also, are mostly due to age. The shells are more gibbous ; lunule more 
deeply impressed; and ligament scar straighter and proportionally 
longer than in any living specimens which I have esamined. But as 
they agree so closely in all other respects, even to the crenulations of 
the teeth and the nodulous character of the depression of the right- 
valve, into which the corresponding lateral tooth fits, and the annular 
markings of the muscular scars, our species can not be regarded as 
anything more than a variety of C. gibbo»a. Our specimens are larger 
than the type of Sowerby, or any of the specimens of that species in 
the Museum of Yale College. 

Cardium, Bp. bd. 

Shell oval, large, very convex ; ribs strong and rounded, well ele- 
vated, as broad as the spaces between them, about six in the space of 
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10 milUm. Beak, elevated, large ; cardinals quite curved and diver- 
gent 
Length 46 millim. ; breadth 41 millim. 

Heniioaxdl& Siffiuls, "p- nov. 

Two specimeoB were found, belonging to this genus, and related to 
M. obovalia Carp., bat may easily be distinguished fixnn that species 
by the following difierences. Ribs much finer, more elevated, and 
the spaces between them broader. The two species differ also in the 
proportional measurementa 

Length 18-1 millim. ; breadth 10'4 millim. ; height 10 millim. 

Area LarkinU ap- aov. 

Plate Vn, figures 5, 6, 7. 

Shell thick and heavy. Anterior extremity short and rounded; 
posterior more or less produced. Beaks widely separated, raised and 
very prominent. Ligament area large, about half as broad as long. 
Surface marked by from 30 to 33 radiating ribs, which are rounded 
and broader than the spaces between them. Bibs ornamented by 
rounded tubercles and croased by aomerous fine Unes of growth. 
Teeth numerous, strong, nearly straight, equidistant, except at the 
extremities of the hinge line, where they become divergent and much 
stronger. The margin of the shell is deeply scalloped by the extremi- 
ties of the exterior ribs and grooves. Just above the nurginal teeth 
the inner Bur&oe of the shell is marked by fine radiating lines, from one 
fourth to one half of an inch in length. Anterior muscular soar 
almost circular; posterior elongated and narrow. 

Length 27-4 millim; breadth 29-S millim. ; height 2S*8 millim ; be- 
tween umbos 5'6 "I'll'"' 

The specimen, whose measurements are given above, is the largest 
perfect one, and perhaps the most characteristic 

Fragments and einglc valves of much larger specimens are abun- 
dant. A large specimen gives the following approximate measure- 
ments: length S6-4 millim.; breadth 37'4 millim. ; height 3fi millim.; 
between umbos 8 millim. 

This species bears strong analogy both to Area grandia Brod. and 
Shy., and Area tubercutofa Shy. It agrees with the former in general 
habit of growth, with the latter in form and tuberculose characters 
of the ribs. It may, however, be distinguished from A. grandit by 
its more numerous, rounded ribs, less crowded teeth, and more oblong 



by Google 



Nebon on Tertiary MoUutca of Peru. 206 

posterior mnacnlar soar. From Area ttAerculoaa it may be distin- 
guished by its very broad mascnlar Bear. 

I take pleasare in dedicating this species to Mr. £. P. Larkin, to 
whom, and Pro£ F. H. Bradley, the collection is due. 

Scapharoa, ^ ini 

A single specimen I refer to this genns, although its tme relationship 
can not be made ont, as it is imposBible to see the hinge line. In ex- 
ternal characters it resembles 8. nua Sby,, and might at first glance, 
be confounded vith that species. The shell is less elongated; ribs 
broader and the spaces between the ribs narrower than in S. nux. 

Length 16*2 millim.; breadtb 17*2 millim.; height 11*85 millim. 

Leda aouminata., «p- ^°^- 

Plate VII, figure 8, 
Shell oblong. Anterior margin slightly produced, bnt rounded; 
posterior produced and acuminate. Umbos prominent, very convex 
above, incurved below. Surface marked by broad, flat ribs, sepa- 
rated by narrow, bat veil marked spaces. Hinge line slightly curved ; 
teeth nomerous and sabequaL Shell slightly depressed posteriorly, 
forming indistinct angulations with the lateral margins. Three speoi- 
mena measure as follows : 

LeDRth, 6-3 mimm. Breadth, 11-6 mOUm. Belftht, ... mtlHm. 



This fine species is quite abundant and may be easily recognized by 
its great convexity, especially in all mature spedmens ; by its flattened 
Btriations, and regular teeth. 

Pecten, ap- ini 

Two species are represented by single valves. Krst valve has 14 
broad, flattened ribs, averaging 3 millim. in width at the lower mar- 
gin, crossed by fine concentric lining. 

Second valve is very convex ; marked by 20 strong, rather acute 
ribs ; spaces between them narrow. Whole surface marked by strong 
concentric lines. 

£1nt, LeDgth, 41'4 millim. Breadth, 44-1 millim. 

Second, " B9-3 " " 38-6 " 

Ostrea, bp- ind., A. 

A badly worn valve of this genus is remarkable for its great 
weight, fi lbs, 6 oz,, and when perfect most have weighed over 6 lbs. 
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The depression for the animal is long and narrow; mnscntar Bear 

deenlv impressed. The length of this specimeD is over 20 centim. ; 

12-70 centim. ; altitade of single valve 8'69 centim. 

sp^iod., B. 

[lives were fooud, representing another species of this genus, 
ery narrow and long ; ligament scar broad and furrowed. 
44' millim. ; breadth 54'2 millim. 

broken valves of a species of this genua occur in moderate 
:e, bnt without characters for determination. 



EXPLANATION OP PLATES. 

PL*ra VI. 

■CatUottoma wdultfenim Nelaon. 

■OaUopcma UaealumS6\aoa. 

■ApJiera iVtiotia Nelson. 

■PoUnieei subangidala Nelson, joung. 

MargiiuUa incraaata Nelson. The upper fold of the 

the edge of the outer lip in perfect Bpecimens U pvenly rounded. 

MargiTteUa inaraiixita Nelooo, dorsal view. 

CaneeUaria LarMnii Se]aon. 

Gaacdlaria 9radiq/i Nelson. 

Dorsal view of the same. 

~Cancdlaria triangvlaru'Selioa. 

-Solimim staiiTnarr. NelsMi, 

~Poliniix» mbangulala Nelson. 

-Ventral view of tiie same. 

Puts TII. 

Argobaednvn ZorriimtUNfliaoa. 

Veabti view of tlie same. 

Cbnia ottamoCa Helsim. 

Doraal view of the same. 

Area Lforkinii Nelson. He nmboB are denuded, showing thin, acu' 

Lateral view of the same, in perfect preservfttdon. 

Interior of the same. The ligament area Is denuded, showing r 

Leia aaummata Nelson. 

OroMoteBa gibboaa Sowerbjr. 

B:nreB tie natural siie, f^om photographs nude by Itr. adaey L Bm! 
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ERRATA. 

Page 1, line 13, for "Flordia." read Florida. 

" 11, " 3B, " "immai^mstioii," read emargillBtiMl. 

" 16, " 28, " " spiitome," read epistome. 

" 31, " 18, " " Podi^tluUmia" nBLd FodophOtalmia. 

" 36, " 8, " " Eaoreta," read EueraU. 
" " la«t lloe but one, for "mai^n," read margios. 

" lOa, 4 L fhim Toot, for Norton Street, road BlaJce Street. 

" lOB, 11 1 from foot, for (uvnfv rode, read buenty-one rods. 

" 13S, line II, for " immarginalioii," read emarginaiion. 

" 139, " 11, " "immargiDale," read emarginate. 

" 1S3, EliHt line of foot note, for " is marked 3," read Ib marked 3^ . 
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Meteorological Offloa of the Dominion of Canada. Second Report, Jul, 

1873. 8°. 

'Washcnotok, — United States CoaaC Survey. Six charta, vie: U^ of Long Island 
Sound, 3 sheets mounted ; General Chart of Uie Coast from Oa; Head (o 
Capo Ilenlopen ; Atlantic Ooast No. 1 , Cape Sable to Saudf Boole ; Pre- 
liminar/ Chart No. 4, Cape Cod to Saughkonnet Point, R. L \ Portland 
?Iarbor, Me. ; Approaches to Portland. 

Bureau of Education. Report of the Commissioner of Education for ISIt. 

8'. Circulars, nos. 1-3. 1873. 8°. 

BogiDBere' Department. United States Qeolo^cal Exploration of thB 

Fortieth Parallel, vol. 7: Botanj. By S. Watson. 1871. 4'. 

United Statee Naval Olwervator?. Astronomical and Met«orological Obaer- 

VBtions, 1867-71). 4°. Appendices do., 1868 i, 18^9 i, ii, 1870 i-4v, 1871 
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i". (Dniv.-Prc^jam.) 
Lieblffln, J. Recherchee aur la Ohronologie ^gyptienne d'apr^ les liates 
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Uania, 1873. 
Korgee oIEcielle Statiatlk. 12 parla(A I, 2, B I, C 1, 3, 3, 8, 9, 10, D I, 

F 1, 2.) Chnstiania, 1871-3. 4°. 
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Haughton. S. On the tidea of the Arctic Seas. Part 3. 
EDIUBUItaH.— Oeolo^cal Sodet;. Transactions, Tol. n, parte I, 2, 1872-3. S°. 
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1810, 1871. 4°. 
H^NHOVES. — Naturhi^torische Gesellschaft. Jahresbericht zn, 1B70-1. 8°. 
HEiDBLBERe. — NaturbiHtorisch-Uedeciniscber Vereiu. Verbandlungen, Bd. *t, 1. 8*. 
HSLBDiaFOBS. — Societaa Srientiarum Fennica. Acta., T. ii, 1871. 4°. Ofver^ af 

FSrhandlingar, zii, ziii, 1869-71. 8°. 
Bidrag till Kanaedom af Finlanda Natur och Folk, zxn, 1871. 8°. 
Bidr^ till Elnlands offlciella Statistik, t, 1. 1869. 4°. 
HBBMiNHffiiUiT, — Siebeoba^scher Verein. Vertiandluogen, Jahrg. un, 1B7S. 8*. 
K6KiasBSBO.~K6Digliche physikalisch-okonomische QesellBchaft. SchrifleD, Jahrg. 

l-mi, 1860-72. 4°. 
Kbakau.— K. K. Slemwarte. Materialy do KlimatogroBi Qaticp, Rok 1869-1871. 8*. 
Liust-iniB. — Soci^t^ Vaiidoiae des Sciences Naturelles. Bulletin, noa. 60-3, 6S-B, 

1868-73. 8°. 
LzEDS. — Philosophical and Literary Society. Annual Report for 1870--1. 8°. 
Oeological and Polytechnic Society of the West Riding of Toricshire. Il«- 

port of Proceedings, 1870. 8°. 
Lkdbk.— Stemwarte. Annalen, Bd. n, in, 1870-2. 4°. 
Lbipeiq. — Astronomische Gesellschaft. Vierleljahrsschrift, Jahrg. tt, 3, 4; ra, 3. 4; 

Till 1, 2 : 1871-3. 8°. PublicaUon n, an, 1872. 4°. 
LitoB. — 8ocl4t^ Royale das Sciences. U^moires, 2i°< SMe, T. m, 1873. 8°. 
Lisbon. — Academia Real das Sciencias. JotaeX de Scienciaa Uathematicas, Phjaieu 

e Naturaes, T. i, ii, m, 1866-71. 8°. 
LtriBPOOL. — Literary and Philosophical Society. Proceedings, nos. 2B. 26, 1S70-1, 

1871-2. 8°, 
LoNWiK.— Matiiematical Society. Proceedings, nos. 1-33, 36-61, 1866-73. 8°. 
LuHEBBKO. — Naturwissenschaftlicher Vermn. Jahreahefte it, 1868-9. 8*. 
LiTKD. — nniTersilas Carolina Lundensia. Acta, 1868 i-m, 1869 i-m, 1870 i-m. 4*. 
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Additions Co the Library. ix 

LtrxxHMtrea. — Institut 607*1 Qraud-Ducal. Publications, T. zn. 18T2. 8°. 
Ltoh. — A.cad^mie dea 3cieDoe«, Bellea-LettreB at Arts. M&noires, Classe des Sci- 

DDcee, T. XTiI-xnc 1889-13. 8°. 
ILtuBiD. — Observatorio. ObeerrncioneB HeteoTologicas, 1868. 8°. ObaerveciooeB 
Meteorologicas efleotuadas en !» PeninBnla, 1861, 1868. B°. Annuario, 
1869, 1810. 8°. 
UiLAN- — Beale Instltuto Lombardo. Itendiconti. Serie II, voL n, tasc 13 — toL vi, 
hec 5, 1869-13. 8°. 
0«bbBk, L. 3opra alcuni studj di ohimioa or^anica, 1810. 8°. 

Reale OMerratorio. Effemerjdi Astronomicbe, 1S10 i, n, 1811 i. 8°. 

Sul gnnde commoTimento aOnoaferico, 1 Agosto, 181S. 4°. 

SodetAItalianadiScieMeNaturali. Atfi, vol. an, HT, iv, 1, 3. 1810-3.8°. 

UoNOALiKBt — Osaerratorio del Reale OoUegio Carlo Alberto. BuHettiiiD Meteorolog- 
ioo la, 10— Y, 10, 1868-10. 4°. 
Deuza, P. P. Le stelle cadenti. Memorie v, vt 1810. 8°. 

Aurore Bordflle, etc., 3 Jan. 1810. 8°. 

Aurora Polare, G Apr, 1870. 8°. 

Sopre gli aeroliti oaduti, 29 Feb. 1868. 3°. 
Konoe per le osservuloiii delle meteore luminofie, 1870. S°. 
Osserrasioiii delle meteore luminoae, 1871-2. 8°. 
iloeaow. — Soci^ Imp^riale des NaturaliHtea. Bulletm, 1869-13, iia 1. 8°. Nou- 

reaui U^moiree, T. zm, livr. 3. 1871. 4°. 

MnNiOB. — KSniglidie Baferiache Akademie der WiaBeDSohaften. Sitznngsberichte 

1866, I, 3. 1869, I, 4. 1810, I, n. SitEungBberichte der philoaophisch- 

phfltdogischen and Malorischen Classe, 1811, 1S72, i-iii; Siteungsberichte 

der mathemalusch-phTaikaliBchen Claeae, 1811, 187S, i, ii. 8°. InLalts- 

verzeiohnisB, Jabrg. 1860-10. 8°. 

Erlenmejer, E. DieAuflKabedeschenuscheDniiterrichtB. Mjlnahen, 1811. 4°. 

Friedrich, J. Ueber die QeschichtBchreibung unter dem KurfOrsten Maii- 

miliaol. Mttncheii, 1812. 4°. 
Hang, M- Brahma und die Brahmanen. MJIncben, 1811. 4°. 
Preger, W. Die EntfalCung der Idee des Meosohea durch die Welt^schlcbte. 

Uanchea, 1870. 4°. 
ZMA, C. A. Denkschritt auf Ohr. E. H. Ton Ueyer. Mimchea, 1810. 4°. 

Stemwarte. Aimalen. Supplementband zn, 1872. 8°. 

N»D-BaANDBSBUEO.— VereiD der Freunda der Naturgesohichte In Meokleobui^. 

Arcluv, Jabrg. zzv, zzvi, 1812-3. 8°, 
XcomBiBa. — Naturhistoriacha OeaallschafL Abhandlungea, Bd. v, 1S72. 8°. 
OprBBSAOH a. M.— Terain fOr Naturkunda. Bericht zi, zn, 188S-11. B°. 

Famu. — Obaarratoire UA^rologique de Montsouris. Bulletin, 28 Avril, 1810 30 

AtttI, 1812. 4°. 

SociAd d'Acdimatatioii. Bulletin Mensnel. 3'°» Sirie, T. Tin, rz, z, nos. 

1-6, 1871-3. 8°. 
Paobxu. — Naturhiatorischer Terein. Jahreabericht iz, 1869-70. S°. 
p^AOVB. — KonigUohe b&hmische Akademie der Wisseuacliaften. Abhandlungen. 
Sodiste Folge, Bd. n-T, 1869-12. 4°. Sitzungsberichte, 1868-1812, 1. 8°. 
Pm-mwi. — Hioolai Hauptetemwarte. Jahreabericht, 1811. 8°. Tsbulra Quantita- 
tDiD BeeseUanuD, 1816-9. Petropoli, 1811. 8°. 
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RBOBNSBaBO. — ZoologiHcli-Uiiieralogischer Verein. Corraepondeoz-Blatt, Jabi%. 

ixvi, 1872. 8°. 
HiaWrischer Vereb von Oberpfalz und Regensburg, Verhsndlnngeti, Bd. 

XJfVlll. Stftdlamhof, 1872. 8°. 
Riga. — Naturforecber-VereiD, Coirespondenihlalt, Jolii^. xix, 1872. 8°. 

Stiedft, L, Die Bildung dea Kn<K:heiigewebeB. FeBtaehrift. Leipzig, 1872. 4°. 
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VI. Os THE DlHECnON AND FOKCB OF THE WlND, WITH THE FaLL 

OF Rajn and Snow, at Wallinofobd, Connecticdt, pbom Ob- 

C>BBTATI0!I8 MADE BY BbNJAUIN F. HaBBIBON, M.D., AND BEDUCBD 

BT Fbancis E. Loomib, Ph.D. 



SeadJan. ISth, 1871. 



The obserTBtionB described in the following Article were made at 
WftUingford, Conn., a town aitnated about twelve milee north of New 
Haven, in lat 41" 29' N., long. 4'' filj"' W. of Greenwich. The appa- 
ratos employed in the observations was located on or in the immediate 
vicinity of Dr. Harrison's hoose, which is situated on a ridge of land 
extending nearly north and Booth, with a valley on the west. The ele- 
vation of the house above this valley is about 70 feet, and its elevation 
above the sea is about 130 feet. Both on the east and west sides of 
the valley is a moderate range of hills extending nearly north and 
Boath. In order to indicate to what extent these hills obstruct the 
horizon of Dr. Harrison's house, the angular elevation of the most 
prominent points was measured with a small graduated quadrant fnr^ 
nished with a plumb line, and the following is the result : — 
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Within about one hundred feet of the house on the south side, is a 
small church, but the ridge of the roof is less elevated than the vane 
and anemometer. These facts indicate that the vane employed in the 
following observations bad a pretty fair exposure, and it is inferred that 
the direction of the wind was not greatly influenced by the neighbor- 
ing inequalities of the earth's surface. • 
Direction of the Wind. 

The direction of the wind was measured by a self-recording vane 
having a general resemblance to that employed by Dr. Charles Small- 
wood,* of Montreal, but with some modifications by Dr. Harrison. 

* A. desoription of Dr. Smallwood'a meteorological observfttocj and apparatuB is 
omlained in tbe Smitbaonian Report fur 1S66, p. 311. 

TUNB. CoNSBOnOUT AOAD., ToL. II, PiBT 2. 13 JAN., 18T1. 
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The foUowiDg figure ahowB the form of the vane, 

--^ a 



iind its dimenaioDB are as followe : — 

Length, (7 to / = 10ft.8in.; oto/=;6ft.3in. 

Breadth, td>= 10 in.; (»f = 3 in.: ^=gh:=: 1^ inch. 

ThickneBB, p to A ^ 1^ inch, ; A to / tapers to ^ iDch. 
The vane is of hard wood, and balanced by a leaden ball at gh. It 
was elevated about SO feet from the ground, and supported by a mast 
erected on the back part of the house ; while the shall passed verti- 
cally through the roof down to a closet conveniently aitoated for ob- 
servation. A vertical cyliDder, 3 ft. 8 in. high and 2f inches in diam- 
eter, was firmly attached to the shaft, so as to follow its slightest mo- 
tion. Near the cylinder was placed a seven-day clock, whose weight 
(a loaded box descending in a groove) carried a pencil through a vei*- 
tical height of 42 inches in seven days, being at the rate of one-fourth 
inch per hour. The pencil was pressed by a spring against a paper 
pasted upon the the cylinder, and when the cylinder was stationary 
described a vertical line upon the paper. The vertical motion of the 
pencil combined with the movement of the cylinder when the wind 
was irregular, traced a zig-zag line upon the paper. The direction of 
the meridian was determined by setting up a series of stakes in the 
range of the pole star. These observations were made (vith the naked 
eye, and no care was taken to select the instant when the pole star 
was on the meridian. The error arising from this latter source might 
amount to two degrees. The vane having been set in the meridian, 
the points of the compass were marked upon the cylinder, and thus 
the directions denoted by the zig-zag line could be readily determined. 
Thefcbservations on the direction of the wind commenced July 1st, 
1857, and were continuous to June 9Ch, 1862. From July, 18S7, to 
January, 1859, only the eight cardinal points were employed by Dr. 
Harrison in the copy of his record from which the following reductions 
were made; but from January, 1859, to June, 1862, sixteen points 
were employed. To determine the mean direction of the vane for 
each hour during each month of the year, the number of hours that 
each direction occurred diuing the month for the first hour, for the 
second hour, etc, was coimted, and the pum of the corresponding 
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numbers for the five years was taken. These numbers are given in 
Table I. 

[See Table I, pages 212-225.] 

In order to deduce from these numbers the mean direction of the 
wind, the »nme of the hours during which each wind prevailed were 
regarded as distances traveled, and the numbers were resolved into 
two rectangular components by means of a traverse table, in ihe same 
manner as we reeolve a traverse in navigation. The Bum oi all the 
Bontherly motions was then subtracted from the sum of all the north- 
erly ; also the sum of all the easterly motions from the sum of all the 
westerly ; and the resulting direction was obtained by the principles 
of trigonometry. A similar compulation was made for each of the 
twenty-four hours for each month. The results are given in Table II. 
[See Table 11, page 22a.] 

In order to exhibit the results of this Table palpably to the eye, the 
numbers are represented by curved lines on Plate viir. Beginning 
with January, the wind's direction at I a.bi. was set off with a pro- 
tractor, and a line drawn J inch in length ; from the extremity of this 
line the wind's direction at 2 a. m. was set off, and another line drawn 
of the same length aa before ; and in the same manner were set off the 
directions for each of the 2i hours. Thus we obtain a broken line 
which may be regarded aa representing the average progress of a par- 
ticle of air for each hour of the day through the month of January, 
supposing the wind's velocity to be the same at all hours. In like 
nianner the curve' for each of the 12 months were constructed. The 
points of the compass nre indicated' upon the margin of the chart. 

These curves show a decided diurnal change in the direction of the 
wind for each month of the year; while for the six warmer months 
the diurnal change is uncxpccttidly large. The following comparison 
with similar observations made at Hudson, Ohio, Philadelphia, Penn., 
and Toronto, Canada, will show the remarkable character of these 
results. From a discussion of seven years' observations at Hudson, 
Ohio,* Prof. E. Looinis obtained for the mean direction of the wind 
at B A. M. and 3 f. m. for each of the twelve months, the results given 
in the first half of Table III. In the last half of the same Table are 
given the corresponding results for Wallingford, 

* Am. Jour. ScEeuce, vol. zlix, 1846, p, 276. 
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Table J.~IHrection of the Wind, WaHingford, Conn. 
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Tabi-e L—Direct'&n of the Wind, Wallingford, Conn. 
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'able L — IHrtctiim of tJu Wind, WaUmgford, Conn. 
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Table L — Direction of the Wind, WaUingford, Conn. 
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Table II, Part 1. — Hourly Means. — Direction of Ift* Wind, 
Waltin^ord, Com>. 
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Tablb IJ, Parts. — Ratio of the Windt progreaaiae nutftoB ii 
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If we combine the northings and Bonthingii, eaetiiigR and westings, 
for the several months, so as to obtain the latitude and departure for 
the entire year, and hence compute the mean direction for the year, 
we Hhall "btain for a result N, 51°-7 W. If we take the arithmetical 
mean of the twelve monthly directions, we shall obtain N. 74' W. 
The large difference arises from the greater uniformity in the wind's 
direction during the colder nioutlis, when the direction is most 
northerly. 

Tlie nnmhera in Table II, pait 2, were obtained as follows: After 
computing the mean direction of the wind for each hour, as described 
on page 211, the alisolute length of the line indicating its direction 
wns computed, and this number was divided by the number of the 
oliBcrvations tor that hour without regard to direction. These result- 
ing numbers, therefore, represent the ratio of the wind's progress, in 
the mean direction to itM entire motion; and a comparison of these 
numbers shows at what liour the direction of the wind was most 
uniform, and at what liour it was most variable. 
Table III. 
Mean Direction of the Wind. 
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For the entire year, the average change in the direction of the 
wind from 9 a. m. to 3 p. m., is at Hudson IS'S ; while at Wallingford 
it is 54''-l, or tdrte times as gri'at as iit Hudson. Aloi-eovcr, at Hudson 
the direction at 3 p. m. is always more northerly than at » a, m., while 
at Wallingford it is always more noutkerly. These facts seem to 
indiriite that the cause of the dinrnal change at Wallingford, must be 
quite different from what it is at Ilmlson. 

The Philadelphia observations employed tor comparison were those 
made at the Oirard College Olwcrvatory* in 1842. The results are 
sliowu in the first part of Table IV, while in the second part of the 
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Table are given the correepondiDg numbcra for Toronto, Canada.* 

Taulk IV, Part 1. — Itouriy Menus. — Direction of the Wind, 

Philadelphiit, ra., 1842. 
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The nnmben* in both tublos n-iiresciit degrees counted from the 
north point around the circlf by the west and south. 

The diurnal fluctuation at Pliiladelphia during the cold months 
is greater than at Wallingford, but durinjj the warm months it ia 
decidedly less. Tlie fluctuations at Phila<lcl]ihia appear greater in 
consequence of the Nhortncss of the period of comparison {one year). 
In order to discover what would be the cftect of extending the period 
ot comparison, that month was selected, (May), which at W'alHng- 
tord, showed the moat remarkable diurnal fluctuations. Table V 
shows the results of the Philadelphia observalions for the month of 
May, for a period of four yeara. 

Table V. — Hourly Means. Direction of the Wind for Muy at 
Philadelphia. 
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llie mean diurnal fluctuation is here reduced to 28 degrees, while 
at Wallingford, for the same month, it amoujits to :t»4 degrees. The 
cuEise of this great fluctiiiition at Wallingford, must be very diflerent 
from that which operates at Philadcl|ihia ; or if the cause be the 
same, it must oiierj»te with far greater intensity. 

The results of the observations a( Toronto, exhibit a strong resem- 
blance to those at Wallingford. For the six colilcr months the mean 
diurnal change is nearly tlic same, and the curves re|ircsentirig the 
change <if dire<'tion are siniilar, although the corresponding changes 
are not simultaneous. At Toronto the wind is most southerly about 
an hour uller noon, while at Wallingford the wind is gonerally most 
southerly about 5 P. M. During the si.t warmer months, the diunial 
change of direction at Toronto is nearly as great as at Wallingford ; 
and if we omit the month of May, it is gi-eate- than at Wallingford. 
Moreover, the curves representing the changes of diriKtion at the two 
plaeefi, boar some resemblance to each other; althimgh the change of 
wind from north to south generally occurs foui' hours earlier at 
Toronto than at Wallingfoiil. 

A comparison of thi'se facts naturally suggesis the idea, that the 
diurnal change in the direction of the wind is mainly due to inequality 



by Google 



240 Me<in Direction of the Wind. 

of temperature over ueighborinp portions of the earth's surface ; and 
that at Wallingfbrd, aa well an at Toronto, the great changes in the 
warmer months are dne to the proximity of a largt.' sarface of water. 
The dinmal change at Wallin<;ford cannot lie ascribed simply to the 
ineqnalitieR of the earth's surface. This caiise might affect the mean 
direction of the wind, hut could not produce a change in the wind'a 
direction from hour to hour. Moreover, the facts stated on page 209, 
show that the horizon at Walliiiglord is but little obstmcted by hills ; 
while the great regularity in the changes shown by the curves on 
Plate VIII, indicates that the ine<)ualities of the earth's surface do 
not here greatly affect the wind's direction. 

We propose, then, to inquire whether the diurnal changes in the 
direction of the wind at Wnllingford, can be explained by the influ- 
ence of the difference of temperature of the land and the neighboring 
water. For this comparison we will take the temperature of New 
Haven as the standard for the temperature of the land at different 
periods of the day and year, and for the water we wilt take the 
numbers derived from Maurj-'s thcrmometrical charts of the Atlantic* 

In Table VI, column second shows the mean temperature of the 
different months at New llav.'U; column third shows the mean tem- 
perature of the warmest hour of each month ; and column fourth 
shows the mean temperature of the coldest hour of each month. 

Table VI, — TempiTature nf X&n fluvfn and Ocean compared. 
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Column fitlh sliows the mean temjierature of the Atlantic Ocean for 
a swne extending a little over a degree on each siile of the parallel of 
New Haven, «nd reaching eastward to longitude 69° ; while column 
sixth shows tlie mean temperature of that portion of the Gulf Stream, 
which is comprehended within the limits of the same sone. The 
diurnal change of temi>crature of tlio water is not accurately known, 
but IS presumed to be less that hidf what it is at New Haven. The 
distance from Wallingfonl to the nean'sl point of the Gulf stream 
ie about 300 statute miles ; its dislanw frimi the nearei^t point of the 
Atlantic Ocean is about 50 miles ; but Long Island Sound, which is 

■ Maurj'.-i wind and current cli'trts, Tbermal sheets, Series D. 
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here 20 milee in breadth, is diftant only ten miles. It is presumed 
that the temperature here given for the Atlantic Ocean would not 
differ greatly from the temperature of Long Island Sound for the 
corresponding months. 

Near the parallel of 40° N, lat. the average unnd is from a point 
a little South of West. We will call this the normal wind, and 
inquire whether the temperatures whown in Table V'l, will enable ub 
to explain the depaitures from this normal direction shown in the 
observations at Wallingford. Beginning with the month of January, 
we find the temperaturt.' of the land, even at its maximum, to be 
many degrees lower than the neighboring water. This cause should 
then produce a deflection of the normal wind in the direction from 
the land lowardthe water ; and this should continue throughout the 
24 hours, but should be most decided during the colder half of the 
day, which conclusion corresiwods very clonely with the observed 
facts. The same remark is applicable to the month of February, 
eicept that during the warmest part of the day, the temperature of 
the land differs from that of the ocean less than in January, and the 
deflecting force should he less ; which conclusion also corresponds 
very well with the observed facts. The phenomena for January and 
February are therefore very well explained by the unequal tempera- 
ture of the land and the neighboring water, without ascribing any 
influence to the more distant and warmer water of the Gulf Stream. 

For the month of March, the same remark is applicable during the 
colder half of the day ; but about the hour of maximum heat the 
temperature of the land and that of the neighboring water is about 
the same, while observation shows the wind still tending from the 
northwest. This would seem to indicate that the heat of the Gulf 
Stream was the principal deflecting force; but perhaps the facts may 
be explained from the inertia of the air set in motion from the north- 
ward, because the neighboring water is warmer than the land 
during nearly the entire day, and the slightly higher temperature of 
the land continuing but for an hour or two, is insufficient to arrest this 
steady current from the north, The phenomena for March are easily 
explained by reference to the higher temperature of the Gulf Stream; 
and may, perhaps, l>e explained wilhout ascribint^ any very im[ioitant 
influence to this more remote body of water. 

During the month of April, the mean temperature of the land is 
higher than that of the neighboring water; and even at the coldest 
hour of the day, the land cannot be much cohler than the water. 
Nevertheless, observations show a ationg deflecting force from the 
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North prevuling more than tialf tht day. It does not appear how 
tliis fact can be explaiinnl, except by ascribing it to the influence of 
the warmer water of the Gulf Stream. 

The northerly wind, which prevails during a conBiderable portion 
of the day in the month of May, cannot be uscrilied to the influence 
of the neighboring water, lint is eaBily explained by the higher tem- 
per&tnre of the Gulf Stream ; while during the principal part of the 
day, the temperature of the land riMCfi bo much above that of the 
neighboring water, that a breeze springs up from the colder water 
toward the land. 

The northerly wind which prevails during a portion of the day in 
the month of June, s^-ems also to indicate the inflnence of the Gulf 
Stream, while the southerly wind, which prevails during more than 
half the day, is explained an in the month of May, 

In July the northerly wind almost entirely disap|>earB, for now the 
land is not only warmer than the tieighboriug ocean, but during a 
considerable part of the day is warmer eve!i than the Gulf Stream. 
The strong southerly wiu<! wlilch generally prevails, is a current flow 
ing from the coolei' water toward the land. 

In the months of ^Vugust and Septemlwr the lanil is warmer than 
the neighboring water during about half of the ilay, and colder during 
the other half; and we tind accoi-dingly that the northerly current 
prevails for about half of the day, and tiie southerly for the other 
half, 

In the month of October the circunistanccH are nearly the same as 
in March, while in November and DecenilK.'r tliey arc nearly the same 
as in January and February, 

We find, then, that mowt of the observed facts can \w accounI«d 
for from the uncfpia) temjierature of the land and the neighboring 
water; but some of the facts, especially those in April, May and June, 
seem to indicate a decided influence of the Gulf Stream; and if the 
influence of the (inlf StJX'am is appreciable during ceitain monthtt of 
the year, its influence must be exerte<l during the remaining months 
of the year, although jKirtly masked by being blended with other 
causes. 

If the causes which we have here assigned fi-r the changes in the 
wind's direction at Wallinglbrd an- correct, they ought to produce 
similar effects at other stations similarly situated; that is, at places 
all along the Atlantic coast of the United States within the belt of 
prevalent westerly winds. Observations at such places may then 
aflbrd a test of the accuracy of the ex|ilanation here given, j 
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From a series of hourly obaervatioDS of the wind, we may infer the 
beat method of dedntnng the wind's mean direction from observations 
made at a limited iivimber of hours. For nine months of the year at 
Wallingford, the direction of the wind at 1 p. m. corresponds very 
closely with tlie mean of the 34 hours, while for the other three months 
(May, June and July) this direction is not attained until 5 p. m. The 
other hour of the day when the wind's <lirection correBiiouds most 
nearly with the mean of the 24 hours, is about an hour after mid- 
night. At Toronto, the two houi-s when the wind's direction corres- 
ponds most nearly witli the mean of the 24 hours, are 9 a. m. and 6 
P.M. At Philadelphia they are 10 a.m. and 8 r. u. These critical 
hom^ appear, therefore, to vary considerably with the locality. 

The hours most generally selected for observations of temperature 
are T a. m., 2 and 9 p. x., and the best result which can be deduced from 
these observations is obtained by adding twice the 9 o'clock observa- 
tioD to the sum of the other two observations, and dividing the result 
by four, Tlie same rule gives the true mean direction of the wind at 
Toronto within less than one degree, although the mean diurnal range 
amounts to 65 degrees. At Philadelphia also the rule gives an e<jually 
accurate result. 

At Wallingford this rule is considerably in error, owing to the fact 
that the critical hours occur much later than at Toronto; but during 
the six colder mouths, the mean of the 7 a. m. and i p. a. observations 
corresponds very well with the mean of the 24 hours, while during the 
other six months, the 2 p. m. observation does not differ greatly from 
the mean of the 24 hours. 

At most observatories where hourly observations of the wind are 
made, the observations are not reduced wiih sufficient accuracy to 
enable us to test the preceding method of deducing the mean direction 
from a limited number of observations ; but at Oxford, England, the 
rule above given for Toronto furnishes a very accurate result. 

The record at Wallingford shows several cases in which the vane 
indicated the same direction uninterrupteilly for two days or more. 
The following examples are selected from the first two years of the 
observations ; because during this period the force of the wind was 
recorded, and we are able to distinguisli between the period during 
which the wind blew with considerable force, and that during which 
the air was nearly or quite calm. Until Janiutry, 1859, the records 
employed only the eight canlinat points; but subsequently sixteen 
points were employed. 

The following Table shows first, the direction indicated by the vane; 
second, the date at which this direction Ijegan to be recorded ; third. 
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the period during which the record indicated identically the same 
direction of the wind; and lastlj, the number of hours during thin 
interval when the prei^sure apparatus showed the wind to blow with a 
force of at least eight ounces on a phte ten inches square. 

Tablk VII. — Instances of remarkably sUady Winds, 
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Force of the Wind. 

The force of the wind was recorded by an anemometer constructed 
upon the principle of Osier's anemometer, from directions furnished 
by Dr. Smallwood of Montreal* The pressure plate was ten iocheB 
square, and the spring was a straight steel rod, 2 ft. 7 in. long, and 
one-fourth inch in diameter. The weight of the clock (the same as 
employed for recording the direction of the vane) tui-ned a horizontal 
cylinder nine inches long, and three and three-quarter inches in diam- 
eter, with a uniform and known velocity. A long roll of paper, eight 
inches broad, wound u\>on a roller, passoil over the cylinder, and was 
wound up on another roller. The ends of the cylinder were armed 
upon its circumference with sharp points, which caught the paper and 
carried it forward with the same velocity as that with which the 
cylinder turned. The motions of the pressure plate were communi- 
cated by means of wheel work to a ]>enci), which was pressed by a 
spring against the )>a{)er. When the pressure plate was stationary, 
the jwncil described a straight line upon the paper; but when the 
plate was in motion, the pencil traced a z.ig-zag line. 

Before the comnieneeinent of the observations, experiments were 
made to determine the amount of pressure on the plate corresponding 
to given positions of the spring; and hence the distance of the differ- 
ent points of the zig-zag line from the line of no pressure, could l»e 
converted into ounces of jiressure on a surface ten inches square. 
Unfortunately these experiments were not rejwatcd at the close of the 
observations. In the coiirse of the two years during which the spring 

* See page 209 and note. 
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was employed, the record showeil a permanent chiiuge, indiciitinj; 
either a change in the elaeticity of the spring, or it change in tlic ap- 
paratus by which the motion of the pressure plate w;i« trait sin itted to 
the recording penoiL 

The observations on the force of the wind conuuciu-cd 1857, Sept. 
7d, 7h, and continued to 1859, July lltli. Until Uic month oi April, 
lB5t», pressures less thun ten ouncew seem to have been reconlcil 
with as great fidelity as the higher pressures. Alter April 5th, ISSS, 
no pressure:' were recorded less than ten ounces on ii plate ten inches 
square. About this time, either the spring or the rcc()rding apparatus 
mast have sustained soiue injury. It is impossible now to determine 
why the apparatus subsequently faded to record the smaller pressures; 
m)r can we determine whether llie higher pressures ncorded before 
April, 1858, are comparable with those wnbBcquenlly recorded. This 
failure of the anemometer to record the low pressures impairs some- 
what the value of the observations ; nevertheless, the results are so 
consistent with each other, and with similar observations made else- 
where (as we shall see hereafter), that the observations are considereii 
worthy of preservation. 

Other observers have ex|ierieuced similar diflicultics with the prcsK- 
nre apparatus of Osier's anemometer. At the Observatory of T<)ronto, 
Canada, during the years 1840, '41 and '42, in pivssures of less than 
one pound, the pressure plate of the anemomet<'r either did not move 
at all, or the record of its motion was very uncertiiin. In higher 
winds the instrument worked well, but the spring was insufficient tn 
bring the pencil back again to the /-ero, wi that until c<iiTected by 
band, the pencil might continue to mark high pi-essures after the wind 
had lulled. A similar imperfection was found in the Osier's anemom- 
eter employed at the (Jirard College Observatory in l«4«-45. 

Table VIII exhibits in detail the entire series of observations at 
Wallingfonl, and shows the R-conled fon-e of the wind estimated in 
ounces u|>'>n a surface of 100 square inches, for each hour of tlie <lay 
during two years. The average force of the wind is thence olitaine<l 
for each hour of each montli. 
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Tablk Vm.— Force of the Wind, M'aUtngford, Conn. 



ObaerrationB bejcin 1.30 A. M., Sept 1 



s 










3 4 4 4 

"b 'i "6 "e 

..466 
6 6 6 6 

4 6 5 5 


4 6 

"g "e 

7 8 
4 4 

22 122 
11 jil 
H ,11 
14 14 

3|.. 

4 .. 

i- 5 
11 1 6 
18 15 

6 5 


5 

"l 
1 

22 
11 
11 
18 

"5 
6 

6 


8 
10 
7 
3 

'4 
23 

18 

5 
9 


5 
H 


4' 3 








.. 


'i'i'h'-'h'CR 
11 11 n - |., 






10 13 12 


7i 6 

7, 5 


4 
3 


3 4 6 


5 6 


12 
13 
U 
IS 
16 

n 

18 
19 

20 
21 

22 
23 
21 
25 
26 






'i* 






::;:: 


.. . ,.. 




--!-■ -'- 






20 
14 

5 

7 


17 14 
U 10 
11 11 
11 11 
4 6 


li li 10 1 i 


6 6 








11 111 11 


6 
3 

T 


10 

6 












7 11 ;ii 












. 11 11 












7 8 8 


8 6 


*l* 


• 


5^ S 


1 6l (i 55 












2| 315,6 5 
4 6,7.1, 18 


B 4 
6' 4 




8 


3 






























■■'"1:" 












3 

4 
3 

13 
3 

63 


4 


4' 4 3 


















4 
14 

6-T 


3 

4 

6-2 


3 2 
















12 
12 


15 !ll 3 4 
12 12 14 11 

Fo iTei?! 44 


4 4 
18 18 

3 4 
6-0 6-5 




10'.. 1.. 












- 6 

FiFo 


33 3 1.. 
5-5 6-3 4-4l*-9 


F9iF7;T"6 






3fl 


BFo 


ji 


ib'i-s 



V 




26 


26 


25 




- ;ii 


" 


11 


1 12 


|- 


--I-- 








-■ 


-- 


- 










ii.ie^is in '22 


J2 


23 23 


,23 24 ilS 


14 


11 ii 






4- 1- - .- 










" 


ii ii 


," ■- 1 • 




■- -- 






5.-|-r--- 










12,18 16 18 


18 


21 21 


21 21 14 












;.-l--r- 










-. 11,11 12 


1?. 


12 ,12 


12 .. U 


13 


- ^- 


























11 ,11 11 


11 






















-].. lio ii 


14 


18 |19 


.19 19 16 














14 14 










-| 


14 
















12.- 


















14 14 














14'- 




.. — 






■ 




.. ., ,. — 






ill '" i" 












1 










11 11 I2|14|18 


18 <I8 


■M ii:i2 


14 


..;i4|ii 


14 








14 IR 


n 


30 ,32 ,;!2 


i2 32 32 








,30 30 30 


26 








i^^^ 








::!::|lt 


1414 22 

12 IS 18 


J2 
IK 


ia 


22 22 
14 ]11 


,22 18 - 

;U|li -- 


-!"l- :: 






;;!--•■ 








--|-h 






jj 


14 lU 
11 '11 


14 14 li 
14:14 14 


11 11 


n .. 


- 




22 14 11 


22 


18,14 


11 II 


r>. 


22 22 22 


22 


22 


22 22 


22 ;22 22 


2(1 18 


14 14 
















11 




11 11 












24! 




























































26]- - 
































































14 


18 


18 18 






16 14 




11 - 












































11 11 


n 11 11 








Ir l':n-il-J,1-i l'2,2-2.2-7 


4-7 


4n5-9 7l 


i-O 


100 


Hi'5'tO 


h;<5ki (S( 


3-ei-7|2ii-3d-.- 


«■« 


ly.ll 


!1 


I- 


11 


i-c 


2- 


2-8 


41 


4-6 


51 6-5 


7'2 


8-. 


8'3! 8 


j75 


«-7,6-2 


3-1 


1-8 


1-9 


1-4 


11 


1*2 



by Google 



fell 

1| s s 


T 

4 
4 


ABl 

5 




VI 

"b 
ii 


n. 


ii 
11 

ii 


ii 
11 

4 
10 

ii 


'X of the 1 

«3 11 

10 11 III 

11 11 |I2 
11 11 III 

6 B 6 

6 6 15 

..4 ! e 
11 11 :il 

9 11 111 
.. 4 1 6 

B B , 5 

" '.'. i 


Vind, WaU 

l?i? I 

11 i 6 , S 

6 : 5 i 6 
6 ■ 5 , E 
& , S , 5 

.. 14,6 


ngford, Conn. 

2 ;S 2 2 jl |l 1 
"t" 1" 8 u IT iTT "TT ;To 


t 
5 


% 


!, '* 


6 i 6 

6 3 
3 2 


e 


6 6; e! 6< 5 .. 








6," r 








5 . 3 












91" I-" 






5 B! 3 

5,613 




lol ' 1 






3 1 2 
















"C. 








--'■-. 


i. 1,5 ! ; 


5 *i ■■* 










11 ,10 
















11 




11,11 :i8 


28 26 

ii ii 

16 18 

ie'ii 

11 14 

is,n 


20 

12 
16 

ii 

la 

IT 

11 


28 lie 

14 13 
11 .11 


13 13 
11 16 

11 ;U 

.. 10 

ii ii 

11 11 
n n 
11 11 


14 18 n .14 Il4 14 
11 11 11 10 1 8 8 

_. 11 '11 [11 13 1)6 
20 24 27 '26 \'i1 '27 

15 22 '23 ,1S 16 |I4 
11 9 9 !ll 11 11 

'.'. '.'. .'.'. .12 i2 ii 
11 11 11 11 11 111 

11 11 11 114 11 11 

16 114 U :22 23 ,18 

11 11 6 15^42 

iili "9 j's io "9 


U 1110. 8 6',.!.. 




19^:!:: 

20111 14 


n ,11 

30 '20 


20 


11 11 14,11 

16 14 112 lis 

3|..'. 1 


11 

24 






11 _ 7 

11 ii 

U :|0 
11 13 
18 18 


12 
11 

u 
















S4 _. 

2a 13 

26i|4 
27 18 


12 
11 
IS 


ii 

12 

JJ 
11 


ii 
11 

II 


11 111 ill 111 
11 111 9 8 
11 ,11 9 11 
14,14 14 '14 


11 
14 




29|.. 






.. 11 

B ',. 


11 


Hill 11 11 


11 






.. -i:: 








iTFi 


4-0 


43 


iTs 


F: 


fi 


«» 


45 


Fs 


6-8 7-S S-1 


8'5 8-2 b-B 


eT Vb 


V\ 


4-4'3.4'3'2 3.5 


¥1 





"T 






















11 


11 


32 






26 26 


S6 


?6 


?6 


?6' 




W 






.. 122 ;22 




n 


^;i 


V) 


n 


n 


i32|Il 
























U 
IS 

ii 


14 

18 
18 

n 

14 


u 

19 
13 

14 


18 
22 

22 


IS 
22 
12 
22 


14 
18 
22 
12 
18 


22 
12 




ii V. 
























6 
7 










1 


14 


























t 






10 


li|18 


14 


lilii 


12 


12 


-1" 


18 
15 
22 


to 
22 

14 


JO 
22 
14 


41 
10 

18 


26 
30 
16 


2S 

30 
16 


22 
22 


20 








[\ 


" 






18... 








14 


13,13 






11 11 




«12 


--I-- 




.- [.- 






..[.. 


34 


11 

ii 

34 

ii 

H 


14 


li 


n 


14 
33 

i9 

14 
11 


16 

26 

i9 
U 


18 

;ii 




"1:: 
--I" 

::|:; 




10 


10 

•- 














Ii|l8 
33|34 






•!I 






■1 




















.-1- 








12 


19 
14 
11 
























' i : 


._;..'.-:.. 




































21 










11 11 


ii |i4 


14 


11 


" 


11 




-1.- ill 11 






















?T 








..;.. -.'.. 














-[..:..'- 


















11 14 
26 26 


14 112 
26 i26 


11 
26 


18 


22 
■}••. 


26 
23 


30 
3(1 


35 35 36 30 '30 30 


22 




2S 


26 26 23 20,18 


14 14 












U 
11 








ii 


ii '.'.'.'. '.'.". '.'. 












11 11 




28 


1 












II 

30 


11 .11 

19 19 


11 


18 


14 2ui22,ii lio 1^ 






30 


11 14 IS 


31) 30 26 211 \9 36 30 34 




3li..'.. ,. 






11 11 












i?. 2'4,2-7|3-0 


3-3 4-0|3-3,2'3 4-(H!-3IH-0l0'0 


11-3 


13-i|l3-i 




12- 


H-8 6-514-4 2-9!2-8.2-9 




1-3 


?r 


30:3-3 


3-9 


3-638 


3-2 


3-2 


4-2 6-0 






97 


io-s 


io-b 


10-4 


9-4 7-1 


B'8 


4-4'3li 


m 


m 


,1, 


^S-S 



Taht.r VTn 






inntnnl 


(7n«« 
















1 \^ 




- 1 - 1 - - 












































I ■ i 




















3 
10 


4.10 
11 11 


11 13 lii 

10 10 113 


H 'l8 
15 IB 
11 11 


16 14 'll 

19 la 21 
11 11 11 

11 G 6 


11. 6| 6 
22 14 114 
11 '.-l-. 
9 12;ll 


13 


11 
U 




;:';; 




..,10 


10 


ei !■ 1 9 11 


7 ■ 5 


6 ■ 6 ' e 


4 __ ' 


■ 














4 ■■ S 


10 10 6 


6171716 


















14 U |I3 


13 11 111, U 


II 




II 




II 


11 


12 10:11 T' T 


11 .11 


14 12 16 


14 12ll4;Il 


7 














.. 10 11 


,;!,? 


7 9 1 7 
11 11 ill 


4;..L_ L. 

11 12:10! 6 




"5 'i 'e 






































11 11 


14 


16 ,18 


19 18 ,18 


I81I8 20,18 


11 


11 1 fii- 


11 




a 


6 


a 


b 


8 8 


11 


11 11 


11 11 ■ 8 


41.. 1-,- 




„:..|.. 




" *' 










"i 


"S 1*7 


9 10 .11 


5' 8| 7 i.. 




■■ ll \\\ 














11 111 


12 12 12 


















5 1! 13 


13 !I3 


13 18 til 


18 22'1» 18 


18 






11 11 






11 10 U'12 


11 :i3 


14 14 18 


17 18 'IT 14 




4 






Hill 111 11 u 


14 12 


11 11 11 


11 11 11 12 


4 .. ! 3 


3 


1'^ 


10 5 


i 




11 U 


II 11 


11 


.. .. .. ._ 








-.1 2 


4 


fi 


11115 19 23 


26 30 


28 26 




18 10 U 10 


16 13>I2 






;s|iB 


IS 


11 


11 11 11 11 


11 11 


II 11 


10 


10 8 7 10 










If. 




11 '2S :;9 30 


28 28 


26 26 


•fi. 


U 13 11!.. 
















2 , 3 


6 10 




1 i 




..!..;.- -. 












3 ... 


.. 4 1 3 


" 




"1" 


"\" 












3 6 


6 S ! 4 


















U'll 8' 9 


11 U 11 1! 12 


12 12 


lljll 


10 1 8 


10 1 i 


il 


2-8 


1-0 


■iB 


3'5 


4-3 


5-8 6-6 


8-5 


9-2 10'2 


11-0 11-3 


108 


81,7-3 


6-9I6-6 


4-8 


4-2 


3-8 3-a 











11 


11 


11 


-.1,. 








2L. -■,.;„ ■-. 




I4!ll 


14 




11 


11 




14 


u'uluii 




3 14!l4 14 14 14 


UlUJN '14 14 


14|23 


32 


2(1 








IH 


18 


18 






4I14 14 114 114 14 


U|U]I4,I4 14 




14 


14 


14 


14 




11 




II 


11 




11 


11 


5-11 .. 1..'..,.. 






























6i„ 




lllllllBllSUlU'll 


13 












13 


II 


11 


14 


14 


U 


7 14 


11 


14 


18 


16 


11 12 


12 12 


12|13 


18 


32 




14 


13 
































12 


13 


18 


IB 


18 












-- 






10:.. 

11... 




















12 
11 


12 


II 


n 


12 












-- 






13.. 






11 










11 


IN 


18 


IH 


18 


11 






























































'*! 








26 








22 






















--|-- 


..!,. ;-,'-■-... .. 




n 


ii 


14 


U 


M 




n 














I7|.. 


1 


.. il 22'.. .. 114 14 


16 


12 


12 


20 


10 


36 






26 


12 


















10 




II 


11 






...| 










19 11 




II 


14 


IH 


22 


n 


i-i 




n 




^? 






































21.. .... 

22I..I.. L- 


I-- ■-- :--!" 






" 










..|.. 










23 10 16 |32 


22 23 22 32 22 32 25 25 26 


IK 




IH 


IH 


18 18 


14.10 


















11 


L3 


11.11 I4U 






11 




25118 IHUa 












22 22 ,22 :26 


/6 


?6 


?1 




3611 13 '14 


IB 22 111 14 18 18 122 30 30 






to 




30 22 1411 










27,13 'IS '11 ill ill '18 14,14 ;U ,13 11 '12 




14 


14 


13 


lljll !io... 










28.. L. .. 


-1 l.J-l-i-'.. 














14 






20J14I14I4 


14 14 11 13 13|ll ll|.. .. 
















30l 




14 


JU 


to 


M 


22 133 23|33I22 


33 


14! 14 


il,4-9 3-9S-l 


5-i 4-9 5-2 4-4 4-6 4-0 6-4 S-0 10-8 


l?-8 


12-3 


12-S 


12-0 


e-9 7-8,7o!6-lB-'t 


5-9 4-a 5-0 


2i:3-5 


J4 


3-1 


3-; 


3-y 


44 30 


4-4 


5-;( 


6-5 


8-2 


100 


11-5 


U« 


1311 


11* 


I)-U 


7-6 


7-0 


6-8 


5-4 


50 


4-3 


4-1 



by Google 



e 




~3 

ii 

i 
u 

3 

11 

16 
13 

i 

13 

"2 
3 
1 

10 
3 

11 

6 
11 
4-7 


1 

4 

"e 

"i 

11 

8 
18 
13 

"i 

i 

7 

Vi 

s 

i 
a 

h 

16 

48 


i 
:: 

as 

4-8 


'i 

■i 

9 

13 

i 

'b 
"s 

15 

8 
3 

11 
4 
22 
4-6 


V] 

32 


[IL 
11 

"a 

6 

'e 

13 
13 

T 

:- 

19 

4-5 


14 

"s 

11 

14 
13 
2 

10 
10 
6 
6 

12 


Fo 
IT 

"4 

11 

.. 

23 
11 

6 

3 
9 
9 

6 

B 
14 
4'9 


ii 

"s 

8 
11 

-- 

30 
11 

io 

8 

1 

13 
U 


0/ 

S 
Is 

14 

"a 

18 

ii 

6 

is 

13 

11 

12 
14 

6 

lo 

14 


(A 

13 

13 
18 

't 

11 
6 

22 
ii 

6 

13 

16 

" 

12 
U 

I 

i 


e T 

1 

10 

ii 

ii 

14 

16 

is 

6 
"4 

ii 

18 
11 

13 
8 
G 

12 
IS 

Fe 


Vif 

~i 
21 

6 

11 
10 
5 

14 
3 
9 
7 

6 

.. 

16 

U 

:: 
11 
11 

F3 


rf, 

- 

9 
F4 


W 

2 


ri 
fi 

11 
5 
11 

3 
9 
ji 

9 
3 
5 
3 

i4 
11 
11 

ii 

13 

6 
2 
6 

3 
11 

Y-8 


"3 

13 
9 
5 

11 

n 

14 

ii 
'h 

11 

9 

13 
16 

1 

6 

5 

io 
Fg 


for 

i 
n 

!: 

1 
10 
11 

1 

"fi 

ii 
4 

? 

17 
14 
11 

"3 

5 

9 

e-2 


d, 

'b 

'o 
11 

10 

"s 

is 
5 
s 

22 

14 
'5 

"s 

5-7 


Co 

i 
u 

"9 
11 

"s 

10 

ia 

6 
"3 

17 
2 

18 

11 
6 
11 

"fi 

'i 

B-3 


i 

9 

■i 

10 
12 

'b 

IT 
7 

36 

le 

6 

11 

"b 

1 

S'6 


1 

'i 

48 


1 


i 

11 

ii 

'9 

IT 

13 
"7 

14 

'3 
13 

6 
11 

S 

G 
10 
60 



i 


: 
3 

4 
G 
G 
1 
8 

10 
11 
12 
13 
I-14 
15 

n 

18 
19 
20 
21 
33 
33 
24 
26 
26 
3T 
28 
39 
30 
31 
h. 


It 
io 

16 

ii 

i4 

ii 

ii 

14 

11 

4-3 
5.4 


T2 

ii 

i2 

17 

ii 

[[ 
ii 

i4 

18 

14 

tl 
5-7 
6-3 


2S 


23 

1 


18 

is 

14 

ii 

14 

r2 
4-2 


U 

11 

30 

li 
ii 

ii 
11 

35 

4-0 


3-2 
3.S 


11 

ii 

ii 
11 


26 

J6 
14 

11 


11 

16 

3U 

li 
ii 

1 


22 
i2 

36 

ill 
Fe 

6-4 


14 

ii 
ii 

26 

ii 

"i 
ii 

JO 

ii 
Fi 

7-2 


11 
ii 

26 

ii 
11 

12 

14 

ii 

14 

30 

18 

lA 
T-3 


11 

ii 
is 

36 

ii 

ii 

16 

11 

22 
30 

is 


23 
26 

is 

6^9 
77 


i2 
26 

2S 
14 

li 

18 
22 

is 
¥\ 

60 


12 
14 

ii 

14 
5-6 


4-0 


4-7 


. - 


i2 

is 

ii 

ii 

ii 
10 
11 

?2 
4:0 

t1 


26 

ii 
ii 

A 

Fe 

3-9 

K1 


^i"! 



258 Direction and Force of the Wind. 

The carve lines upon Plate IX represent the mean force of the wind 
for each hour of the day, and each month of the year. The hour of 
the day is indicated at the top and bottom of the page. The space 
between the horizontal linee represents a difierence of one onnce upon 
the pressure plate. Since the zero of preusure ie difierent for each 
curve line, the absolute value of the horizontal lines could not be in- 
dicated upon the chart without creating confusion ; but a reference to 
the average results in Table Vlli, will reaiUy indicate what the sero 
is. These curves exhibit strikingly to the eye the diurnal change in 
the wind's force. 

The time of maximum pressure varies from 1 to 4 p. m. ; occorring 
generally at 2 f. u. in winter ; 3 p. u, in spring and autumn ; and at 
4 p. H. in summer. These hours, during the colder part of the year, 
correspond very closely with the time of maximum temperature, but 
during the wanner part of the year tbey occur from one to two hoars 
later. 

The average time of minimum pressure is 2 a. k., but varies from 
10 p. H. to 7 A. u., between which hours the average change of press- 
are is quite small. 

The general form of the curves of pressure at Wallingford is similar 
to that of the curves representing the observations at Oirard CoU^e, 
Philadelphia, bat the absolute pressure is different. Table IX aSbrds 
a comparison of the extent of the diurnal change at the two places. 
Column second shows for each month the pressure for the hour when 
it was least at Wallingford, and column third the pressure at the hour 
when it was greatest Column fourth shows the minimum pressure 
at Philadelphia, expressed in pounds per square foot, and oolumn 
fifth shows the same numbers reduced to the standard of Wallingford, 
viz: ounces of pressure on a surface of 100 square inches. Colamns 
6 and 7 show the maximum pressure at Philadelphia similarly ex- 
pressed. The results given for Philadelphia are the means of 2^ 
years of observations. 

Table IX. — Monthly Maxima and Minima of presnire at WaUinff- 
ford and Philadelphia. 



von. 


Willi 
-Sin. 

2-S 
3'9 
*-T 
2'2 
1-2 


gford. 


Philftdelpliia. 
UinLniniii 1 HuLmnm 


Montb 

July 
Aug. 

Sept. 
Oct. 
Nov. 
Deo. 


Wallin^ord. 

MJn. . M... 

0-6 1 8-4 
0-J ; 9-7 
M ' 8^5 
2-3 , lO'S 
3-4 ia-0 
3'B ! 8'B 


^PhUidri^Bi" 


Jan. 
Feb. 
Mar. 
April 
M»7 
June 


8-4 

13-5 
12-4 

8-2 


■69 
■SO 

■»o 

•39 
■38 
■22 


6-7 ' 1-36 

lO-O 3-17 
1-3 1-53 
4-2 ! 1-29 

2-4 1 1-n 


IB'l 
24-1 
17-0 
14-3 
13-0 


■14 
■16 
■64 

■48 
■64 


ot. 
l-« 
1-7 
6-0 
6-1 
6-3 
8-0 


-ee 7-3 
-66 1 6'3 
1-18 13-1 
143 ,16-8 
13D 13-1 
1-13 113-6 
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The mean of the maxima for the year is nearly one-half greater at 
Philadelphia than at WalUngford; and the mean of the minima is 
more than doahle. The ratio of the maxima to the minima is nearly 
one-half greater at Watlingford than at Philadelphia. 

Mean direction of the Wind's pro ffrets. 
In considering the circulation of the atmosphere for the entire globe, 
it is important to know for each place, the average direction of the 
wind's progrtM, and this is not necessarily the same aa the average 
direction of the wind, for its progress depends upon velocity as well 
as direction. If we coald constract a polygon, ail of whose sides hot 
one should represent the successive directions of the wind for any 
assumed time, and the lengths of those sides should be proportional 
to the wind's force in these several directions, the remaining side ol 
the polygon would represent the direction and amount of the wind's 
progress for that time. In order to reduce the WalUngford observa- 
tions upon this principle, the angles given in Table II, Part 1, were 
regarded as the directions of a ship's coarse, and the numbers repre- 
senting the wind's force for the given hour and month, as shown in 
Table Vin, were regarded as the distances sailed. For these courses 
and distances, the Northings and Southings, Elastings and Westings 
for each hour were taken Irom a traverse table, and the total difference 
of latitude and departure for each month were computed. The result- 
ing course was thence deduced by the principles of Trigonometry. 
The following table shows the results of this computation. 

Table X, — Mean direction of the Wind's progress. 



Jwuwy 


l>lr«Mon. 
N. 31°-8 W. 


Maj 


B. 4O'-0 W. 




». 80 "e W. 


Februarj 


35-0 




60-4 


Ociober 


43-6 




47-6 


July 


48-3 


No»eniber 


53'9 


Aprii 


«S 


Augu« 


80-4 


December 


36-6 



The mean direction of the wind's progress for the entire year iti 
from a point N. A5°-8 W., being 4°-l more southerly than the direction 
obtained without regarding the wind's force. The difference arises 
from the fact that the wind's force is generally greatest at that hour 
of the day when its direction is most southerly. 

Fall op Bain and Ssow at Wallingfobd, Conn,, 1866-1870. 

The observations on the fall of rain and snow began April, 1866, 
ttd continued to August, 1862. They were resumed in November, 
1884, and are continuous to the close of 1870. The rain-gauge em- 
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ployed ifl a cylindrical metallic vcBsel Hi inches in diameter, and 8 
incheB deep. Kear the middle of its height is a metallic diaphragm, 
designed to preserve the interior Irom objects falling upon the upper 
surface, vhile allowiDg the water to pass freely. It also prevents 
animals from drinklDg the fotlen water. The gaage was placed on 
the surface of the ground, in the yard of Dr. Harrison's house, where 
there is a tolerably free exposure. To measure the amount of rain or 
melted snow there is a glass jar properly graduated to show inches, 
tenths and hnndredtha The snow gauge is also 11^ inchea in diam- 
eter, and ia two feet deep. It is placed on the top of a fence, at an 
elevation of about three feet from the surface of the ground, in a 
tolerably free exposure. 

Table XI shows the total fall of rain and melted snow in inchep for 
each month of the years observed ; also the monthly means derived 
from twelve or fourteen years of observation, and the total annual 
fall of rain and snow. The average annual fall of rain and melted 
snow, derived from twelve and a half years of observations, is 6 1 '26 
inches; and this amount is distributed not very unequally through 
the different seasons, being in spring 13-78; summer 13-54; autumn 
12-07 ; and winter 11-87 inches. 

Taule XL — Fail of rain and melted tnow, in inches, Wallingford, Ct, 
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68-46 
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Table XII shows the total fall of iinow for each month in inches, 
also the monthly means and the total annual fall The mean annual 
fall ia 5117 inches, and all this fell from November to April inclusive 
Snow occasionally falls in October and May, but no such case oc- 
curred during the twelve and a half years embraced by these obser^ 
vations. 
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Tablb XKL — iVo. of daps when r 
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Table XIII shows the number of days for ea«h month of each year 
during which rain or snow fell. A day is here regarded as 24 conseo- 
ntive hours. The record sometimes mentions r^n or snow as having 
fallen during the day time, and also during the preceding or succeed- 
ing night. Such cases are counted as but one day, except when the 
duration of the fall exceeded twenty-four hours. In a few of the 
cases here enumerated, the amount of the rain or snow which fell was 
too small to he measured. From April, 1866, to August, 1862, the 
record was kept for the Smithsonian Institution, and in conformity 
with their instructions special care was taken to record the time of 
the beginning and end of each fali of rswn and snow. In the snhse- 
qnent observatione, whicli were not made for the Smithsonian Institu- 
tion, less care was observed to note the time of beginning and end of 
the periods of rain and snow. Tliis may perhaps explain the fact that 
the total number of days when rain or snow fell during the years 1 866 
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to 1863, exceeds the totals for the subsequent yeara. The aven^ 
number of days each year wbea rain or snov falls is 02 ; or almoet 
exactly one day in four. The greatest number of rwny days occurs 
in May, and the least in September. Comparing Table XIII widi 
Table XI, we see that the amount of the rain for different months is 
not exactly proportional to the number of rainy days ; for while dur- 
ing the three winter months the number of days of rain or snow is 
somewhat greater than for either of the other seasons, and is decidedly 
greater than for the autumn months, the amount of the precipitation 
is sensibly less. 

The following Table shows the cases in which the &I1 of rain was 
unusually great The extraordinary rain of October 3d and 4th, 1809, 
caused an extensive flood, which occasioned no little destraotlon of 
property. 

Table XIV. — Unvsual/aUt of rain. 
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The following Table shows the cases in which the fall of snow was 
unusually great. 

Tablk XV".— UmmtalfalU of tnoto. 
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le of unufiinl severity, and cauaed a general interruptioD 
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VII. Design foe a Bridgk across the East Rivbb, Nkw York, 
AT Blackwell's Island. 



It is proper to say thst the design for a bridge crosBing the East 
River at Blackwell'e Island, New York, described in the followiDg 
paper, was intended only ae a eolation of a special problem in Engin- 
eering, applicable to long spans in certain localities ; and that it does 
not assume to be more tiian a snggestion in connection with the 
actual ezecntion of a bridge across the East River. It is intended 
to show that if objections to such a project shall arise on account of 
the popular apprehension of the defects of the ordinary suspension 
bridge, there is still a practical form of structure which may be em- 
ployed with equal and perhaps greater advantage for bridges of 
long span. 

The suspension system, although apparently the only one available 
beyond the limits of the straight girder and arch, presents inherent 
defects, which to say the least are a constant source of popular appre- 
hension. It is, however, the only system pofl«ble for very great 
spans, and the object of the form of bridge which I wish to present, 
as particularly applicable to the case presented at Blackwell's Island, 
is to supply a link between the straight girder, or tube, and the sus- 
pension system. There is an interval in the lengths of spans beyond 
the practicable limits of the single ^rder, which I think this form of 
construction will fill with advantage in stability, strength, and stiff- 
ness over the suspension bridge, and advantage in economy over the 
simple girder. 

The bridge at Blackwell'a Island, when completed, must become a 
great thoroughfare between two populous districts, and should not 
only possess the elements of strength and stability, but ofstifinese, or 
immobility, under passing loads, under the action of high winds, and 
nnder the influences of changes of temperature. 

Blackwell's Island divides the East River at New York into two 
channels, each about dOO feet in width. At the location deemed most 
favorable for a high bridge, opposite 7eth street, the east channel is 
600 feet in width from high-water mark to high-water mark, the west 
channel being at the same point about 670 feet. This being a point 
at which the section of the water-way in depth is greater than it is 
either above or below, it will be practicable, if deemed desirable, to 
make both spans of the bridge 600 feet, one of the piers of the west 
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channel being built & slight distance out from the shore line. With 
the ^auB first mentioned, however, all the piers may be built without 
expensive cofier-dams and with rock beds for foundations. 

For these spans, taking into consideration also the great altitude of 
the roadway required (186 feet), it appears evident that single straight 
girders either of the lattice or tubular form are inapplicable, both on 
account of the excessive weight required and the difficulty of erecting 
them. 

The system or design which I suggest is represented in elevation in 
sketch 1. The design may perhaps be appropriately classed with 
cantilever constructions, although differing in essential points &om 
any existing structures of long span. It may be explained in detail 
by reference to sketch 2, which represents a half-span. 

This sketch represents a half span of one of the channels. P repre- 
sents the pier 150 feet long, 60 feet broad, and 135 feet high, built of 
masonry, but not necessarily solid throughout. A B represent the 
vertical elevation of a tubular chord or strut extending from A, the 
middle of the span, across the pier, and resting upon it, to B. There 
are three of these chords or stmts, one at each side, and one in the 
middle of the breadth of the pier. These chords being designed to 
sustain thrusla only, will be about 4 feet square in cross section, of a 
tubular form, made of iron plates ; and as the thmst towards the pier 
will increase uniformly from A, where tt is 0, to the pier, the section of 
the material will be increased towards the pier by adding platen to 
the interior of the tubes. 

Upon these three tubes or chords, and forming part of them, will be 
built three iron towers (T), firmly braced laterally to each other. 
These towers will be 150 feet high, ATandBT represent iron sus- 
pension or stay-rods, placed at distances of about 10 feet apart; each 
rod AT having a corresponding stay-rod BT. The lower ends of 
each pair of rods, A T and B T, are firmly attached to the tubes or 
chords and the upper ends to short pendulums, the design of which 
is to insure equality of strain in the corresponding rods A T and B T. 
At the points where the rods BT are attached to the tubes, anchor- 
ing-rods attached to the tube pass down into the pier through well- 
holes, at the bottom of which they are secured, by cross bars, to the 
masonry. 

The widths of the towei-s at the base is such as to secure perfect 
stability, the downward thrusts always striking near the centre of 
the base of each tower. There are two sets of parallel rods AT, and 
two sets BT, in pairs, for each tube or chord, making six sets of IT 
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each,' or 102 rods AT and 102 rods BT. The rods for the outer tabea 
are 2} inches diameter, and those for the inner tube S^ inches diame- 
ter. These latter being heavier, because double weight, or half the 
weights of both roadways will be borne by the middle system of rods. 

The rods are all kept from deflection under the action of their own 
weight by braces, shown best in sketch 2. The object of this will be 
explained in the proper place. 

It will now be seen that the structure A T B, consisting of the lower 
chords, the towers and the stay-rods (all of wrought iron) constitute 
a homogeneous structure entirely independent of the pier, but resting 
upon it — the pier, through the anchoring rods, forming the counter- 
weight, which prevents the overturning of the half-span when it is 
loaded. 

This structure is first to be examined under the action of its oton 
weight. 

1, The horizontal chord ft-om A to D is sustained by the stay- 
rods AT, and there will be developed in this chord neither a bending 
movement nor shearing force, or rather the shearing foroe will be dis- 
tributed equally along the chord at the points of suspension, and the 
only strains or stresses that need be taken into account in this chord 
are the thrusts which increase uniformly irom A to D. In a strut of 
this length the yielding under pressure is apt to take place by bend- 
ing. The bending cannot take place laterally, because the three hor- 
izontal chords are firmly braced by diagonals in this direction. 
Neither can the bending take place downwards at any point; and 
the only yielding that can occur will be from the rising of the middle 
of the chord. I'o counteract this tendency, a light truss shown in 
the drawing is placed upon each chord, forming part of it. These 
trusses form at the same time the side railings or guards of the bridge. 

The tension or stay-rods A T will evidently sustain all the perma- 
nent load, including their own weights, this load being transferred to 
the pier through the action of the counter-rods BT and the anchoring- 
rods. The tensions of these rods will all be equal, if we neglect the 
weights of the rods ; and the stresses upon the lower chords, the tower, 
and any stay-rod, will be relatively as the sides of the right-angled 
triangle formed by the slay-rod, the chord at bottom, and the tower. 
For the longer rods the upper joints or sections should be increased 
slightly in diameter, since they have to bear, as a part of the perma- 
nent load, their own weights. Under this condition of things no 
cross strain can come upon the tower, and the thrusts will diminish 
unitbrmly from the top to the bottom. 
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2. If the lower chord be uniformly loaded, the same principles 
and reasoning apply. If loaded at separate poiutu, it will be obsen'ed 
that the Btraios arising from any load will be transmitted through the 
Blay-rods nearest it directly to the ancho ring-rods in the pier; and 
thus it will be impossible for several loads to concentrate their effects 
upon any one, two, or three sets of rods. This condition will give 
stiffness, or freedom from vertical vibration, under moving loads. The 
only vertical oscillation that can arise under these circumstances will 
occur from the stretching of the rods under the tensions brought upon 
them. This will be so small in amount as to be inappreciable. In eome 
suspension bridges this elasticity of stay-rods is a dangerous element, 
however, because the shorter rods may be stretched beyond their limits 
of elasticity, from the greater extension of the longer rods. This cir- 
cumstance has not usually been taken into account in suspension bridges, 
and frequent disasters have occurred from the unaccountable giving 
way of the stay-rods. Long rods will stretch more than short rods, 
of the same diameter, in the exact proportion to their greater length, 
and even more on account of their additional weight ; and if two such 
rods of greatly unequal lengths support equal loads, this element of 
elasticity should be taken into account. There are two modes of 
doing this ; one is to increase the diameter of the longer rods with 
especial reference to this stretching, and the other to permit the plat- 
form of the bridge to yield to accommodate itself to the increased 
length of the rods. This plan is adopted in the construction under 
consideration. The stay-rods being all parallel, and not being all 
brought from the top of the tower, the stretching of the rods under 
passing loads will increase from the pier, where it is nothing, out- 
ward to the point A, and this end being unattached, all the points 
of suspension from the pier outward may move in proportion to the 
stretching of the rods, in small arcs of circles having a common cen- 
ter at the pier, ThuR the movement of the platform so adjusts itself 
that the limits of elasticity will be ivached at the same instant in all 
the stay-rods ; and no injurious bending or shearing strain can be 
thrown upon the platform near the pier. 

3. Action under change of I'emperafure. — This is one of the most 
important consi delations in all iron bridges of long span. In this 
structure it is evident that the only effect of change of tem|>erature 
will be to cause an outward or inward movement of the points A and B, 
and an upward or downward movement of the point T, without dis- 
turbing the lines of direction or causing a movement of sliding hori- 
zontally on the pier, the structure A T B being homogeneous and inde- 
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pendent of the pier. No deflections and no hurtful sliding move- 
mentB are therefore possible from change of temperature. In the sus- 
pension bridge both of these consequences follow a change of tempe- 
rature. To secure this important condition, perfectly, the deflections 
of the stay-rods by their own weights are prevented by a system of 
braces shown in sketch 2, the only object of which is to keep the 
stay-rods in right lines, and thus preserve the true triangular struct- 
ure. The weight of these supporting braces adds only about 12 tons 
to each span of 600 feet. 

4, The lateral stability of the structure is provided for by diagonal 
bracing between the horizontal chords and between the three iron 
towers ; and also by light ties of wire rope between the stay-rods. 
The above description refers to a halt-span of 300 feet. To complete 
the span another similar structure is erected on the opposite side, as 
shown in sketch 1, the ends of the half chords at A not being joined 
together, but an opening of 4J inches being left for the free movement 
from expansion. This opening is covered by the string pieces of the 
road-way and by light slip joints along the sides, which act merely as 
guards. 

To erect this bridge the opposite piers are first built up, during the 
erection of which the materials for the superstructure are made ready. 
These will be in duplicate, as the half spans are precisely similar. 
When the piers are completed, the half spans are built by first erect- 
ing about ten, twenty or thirty feet of the towers. Proportionate 
lengths of the chords are then built outward, overhanging the 
river, and the suspension and stay-rods attached. Another sec- 
tion of the tower is then built up, and a second section of the 
chords added. By this process the successive sections may be 
tested as the work progresses, and the lines of the structure perfectly 
adjusted. The stay-rods are made iu sections or parts, united by 
screw turn buckles for this puqiose, and thus the whole of a half 
span may be built out until the two half spans meet. An important 
feature io this process is that the strains encountered in the erection 
are precisely those which the structure will afterwards be subjected 
to, and no abnormal strains are brought to bear by uniting the half 
spans. 

It will be seen on inspection that the complete structure ie analo- 
gous to a combination of two large fixed derricks or cranes, exam- 
plea of which have been so thoroughly tested in this country in the 
use of the famous Bishop's Derrick, which has been subjected to the 
most severe tests. In this bridge, however, there are arrangements 
of detail which do not occur in any existing structu)*e, as far as 1 can 
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learn. The roadway is supported upon light tmseed beams thioTn 
across between the chords about nine feet apart. These beams have 
a depth of four feet, and a span of about 23 feet, and are built of T 
and angle iron. Upon these the string pieces of the roadways are 
laid. It is unnecessary to describe the manner of building the ap- 
proaches, as they are independent of the spans. To recapitulate the 
advantages of this construction. They are — 

1. Simplicity. 

2. The avoidance of cross strains in all pieces of the bridge. 

3. Freedom of expansion and contraction from change of tempe- 
rature, by which deflections and silling motions are avoided. 

4. Stability and strength, with the least amount of material. 

5. Freedom from vertical oscillations from passing loads or high 
winds. 

6. Lateral stiShess from the horizontal diagonal bracing of the 
towers and chords. 

1. The distribution of strains among a large number of stay-rods, 
and the parallelism and independent connections of these rods. 

8. The avoidauce of separate anchoring abutments distinct from 
the pierB, 

9. Facility of construction and facilities for testing the strength as 
the work progresses. 

An application of this system of construction might be made with 
great advantage at the crossing of the Niagara River, where the pres- 
ent BuapensioD bridge is built. Sketch 3 represents the valley or 
gorge of the Niagara River at this point spanned by such a struc- 
ture. The present suspensioo bridge is thrown across between two 
points of the crest B B, distant from each other about 800 feet, while 
the width of the river at the water level, 250 feet below, is only 382 
feet. If from the water's edge piers were erected of masonry to the 
height of the crests, on each side, giving the proper batter, these piers 
would be about 400 feet apart at the top. This is not a long span. 
The longest tube of the Menai bridge is 460 feet, and trains cross that 
at full speed. It would be very easy to construct each half span 
from A to B on the land, in the prolongation of the bridge, and when 
these half spans should be completed to push them out until they 
should meet in mid-channel ; then to unite them firmly as a single 
{prder. This girder might have the tubular form, and the bridge 
would then possess all the elements of strength and stiffiiess of the 
Menai bridge, with the additional security of the counterbalanced 
half spans. 
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VUI. On the Mban Dikkction and Force of the Wind at New 
Haten, Conn.; fbok an extended sebikb of Observations 
REDUCED BT Feancis E. Loomis, Ph.D,, Pbofeksob of Physics 

IN CoBNELL UnITERBITY, ItHACA, N. T. 

Direction of the Wind. 

A meteorological jouroal has beea kept at New Haven since 1770, 
and IB well nigh continuous to the present time. These observations 
are the result of the labors of a large number of individuals, and the 
system of ohservation has been repeatedly changed. Nearly every 
observer made some record of the direction of the wind, hut on 
account of the looseness of many of the observations and the frequent 
change of the hours of observation, it is difficult to deduce from 
them satisfectory results. There are, however, two series of observa- 
tions made with such care that the results deduced from them are 
thought to be of considerable value. 

The first BerieB of observations extends from 1804 to 1820. These 
observations were made by Rev. J. Day, D.D., at that time Professor 
of Natural I^ilosophy in Yale College; but the direction of the wind 
was estimated only for the eight cardinal pointB of the compass. The 
observations were made three times a day, and recorded under the 
headings M., N. and K, abbreviations for morning, noon and evening; 
and they are supposed to have been made at about the same time 
as the observations of temperature, viz: sunrise, 1 p. ». and 10 p. u. 
The direction of the wind was probably indicated by an ordinary 
vane on some church spire in the immediate vicinity of Yale College. 

The second series of observations extends from 1844 to 1852, during 
which time the observations were made five times a day, and the 
directions were estimated to 32 points of the compaBS. The observers 
were CoL Enos Cutler and Mr. Francis Bradley. Occasionally during 
the summer months the observations were suspended, so that while 
f<)r certain months the records are pretty complete for eight or nine 
years, for other months the records are complete for only five years. 

The hours of observation were not perfectly uniform, but did not 
vary greatly from 6 and 10 A. H., 2, 6 and 10 f. h. The mean hours 
of observation for the different years are stated in the Transactions 
of the Connecticut Academy, Vol. I, Part I, page 226, etc. It is pre- 
sumed that the direction of the wind was derived from a vane placed 
upon some convenient church spire, and it is probable that the same 
vane was not employed throughout the entire series of observations. 
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Table L — Direction of the Whid, New Haven, Conn., 1804-1820. 
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286 Direction of the Wind, yhe Haven, Conn. 

In order to determine the mean direction of the wind for each of 
the hours of observation for each month of the year, the namber ol 
times that each direction occurred during the mouth for each of the 
hours of observation was counted, and the sum of the correspouding 
numbers for the entire period of years was taken. These numbers 
are given in Table I, pages 270-273, and Table II, pages 274-285. 

The mean direction of the wind for each of the hours of observa- 
tion was obtained by solving a traverse in which the number of times 
that each wind was recorded was regarded as the distance traveled. 
The mean direction of the wind thus obtained for each of the hours 
of observation, and for each month of the year, is given in Table lEL 
The angles are reckoned from the North point around the circle 
through the West and South. 

Table III also shows the ratio of the wind's progressive motion in 
its mean direction to the total distance traveled, for each hour of 
observation. These numbers were obtained as follows: Having com- 
puted the mean direction of the wind for each hour, the absolute 
length of the line indicating its direction was computed trigonometri- 
cally, and the number representing this line was divided by the 
number of observations for that hour, without regard to direction. 
When these ratios are large it shows that the direction of the wind 
was comparatively steady; when the ratios are small it shows that 
the direction of the wind was extremely variable. 

If we compare the direction of the wind as deduced from the first 
series of observations with the direction as deduced from the second 
series, we shall find considerable discrepancies. Table IV, Part 1, 
shows the result of such a comparison. From the month of October 
to the month of March inclusive, the directions in the first series are 
more westerly in every instance, except for March at 6 p. u. During 
the remaining six months of the year the two series present still 
greater discrepanciea These differences are larger than was antici- 
pated, and are not easily explained. The observations of the second 
series were principally made at a station about half a mile nearer the 
harbor than the first series; but this circumstance does not seem 
sufficient to account for so large differences as appear in the results. 

It is suspected that in the first series of observations the direction 
of the wind recorded for M. and E. was not designed to give the 
direction noticed at any fixed hour, but rather the prevalent direction 
for the forenoon and afternoon. Such a result, deduced, as it probably 
was, not from several recorded observations, but from casual obser- 
vations of the vane loosely preserved in the memory, could not claim 
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much precision ; and thut no great precieion was aimed at is shown by 
the fact that the winds were only recorded for eight points of the 
compass. There is no doubt that the second series of observations is 
more reliable than the first, for the directions were estimated to 
thirty-two points of the compass, and the precise time of each obser- 
vation was carefully suted. 

Table IIL — Hourly Means. — First Series. 
Direction of the Wind, Neto Saven, Conn., 1804-1820. 





Ju. 


Feb. ! Mu. { Apr. 1 tUj. Jut. 


J-ii- 1 iu. 


Scrt. 


943 

87-4 


Nw. 


D*e. 


H. 
H. 

B. 


4S-3 
BS-9 
60-7 


ill id-2 , 19-7 14-2 SU-6 
66-B 76-8 ,139-2 in3-4 163-8 
89-6 61-6 1 82-0 1133-1 |l33-l 


64% 

ieo-4 

132-4 


2l-7 
169'S 
124-6 


3l-6 
127-4 
87-0 


46-3 6T-1 
67-8 ■ 63-3 
73-8 1 63-1 


Ratio 


of the Wind's progressive motion in its mean direction to the 
total dUtance traveled. New Baven, Conn., 1804-1B20. 




Ju. 

0-492 
0-409 
0-469 


Fek. Mar. kft. Nar.jjue. 


Jiii.]iie. 


Stptl 9tU 


NvT. 


Dec. 


M. 
M. 

B. 


0-44B 0-424 0-336 0-240 'o-2l6 
0-319 10-205 ](t-088 0-IB9 0-309 
0-368 l0-215 0-184 :o-136 0-294 


0-879 
0-466 
0-43D 


0-263 
0-299 


0-436 
0-169 
0-277 


0-419 
0-227 
0-347 


0-416 

0-278 
0-369 


0-481 
0-42fl 
0-477 



Hourly Means. — Second Series. 
Direction of the Wind, New Haven. Conn., 1844-1852. 
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246-1 


»:-i-8 
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286-B 
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•^!l-« 


33-4 


2 P.H 
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47-6 


59-8 ;i48-3 


188-7 


mi-H 


156-1 1S2-S 


Ili2-H 


:-tii-i 


ai"^ 


44-5 




fil-B 


48-2 


69-0 134 3 


195-3 


I4R-H 


IB8-B !l71-9 




'^H-fl 


62-4 




10 


B2-3 


461 


66-1 ! 109-5 


178-S 


i4i-4 


144-2 1177-1 


887 


18-6 


54-6 . 47-1 



Ratio of the Wind's progressive motion in its mean direction to the 
total distance traveled. New Saven, Conn., 1844-1852. 





Ju. 

0-463 


Ftb. 

0-461 


Mu. 


Apr. 


Hit. 


Jut. 


J.1T. 


iw. 


S«pt. 


Oct 


N«T. 


D«c 


6 i.if 


0-440 


T-34K 


o-«no 


0-214 


0-210 


0-197 


0-389 


0-475 


0-468 


0-546 




V4B9 


V<?1 


5307 


1-034 


1-147 


1-140 


)oei 


1-133 
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3-340 


1-424 


Q-494 


2 fn 


V3fl6 


l-Sfi.-) 
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1-194 


>-253 


1-4 12 


)-3BI 


1-347 


;i-fl7fi 


0-O52 


1-278 


»-473 


6 


:)-377 


II-3S1H 


0-249 


t-|2H 


l-2a6 




1-322 


1-304 


S-070 


9 063 


)-272 iO-446 


10 


0-367 


0-3H9 


0-257 


0-115 


0-133 


0-319 


0-282 


0-299 


0-04.1 


0-094 


0-894 


0-417 



In order to present the results of the second series of observations 
palpably to the eye, the curves shown on Plate XI have been drawn 
upon the same principle as those given on Plate VIII to represent the 
observations at Wallingford, Conn. These carves were constructed 
in the following manner: The wind's mean direction for January at 
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e A. M. was set off by means of a protractor (a vertical line upon the 
paper being taken to represent the meridian), aud a line half an ioch 
in length was drawn in this direction. From the extremity of this 
line the wind's direction for 10 a.m. was set off, and another line 
drawn of the same length as before. In like manner were drawn the 
directions for each of the honrs of observation. We thns obtun a 
broken line, which may be regarded as representing the average 
progress of a particle of air for each boor of observation through the 
month of January, supposing the wind's velocity to be the same at 
all hours. In like manner the corves for each of the twelve months 
were constmcted. 

Table IV, Part 1. — inferences between the mean directiont of the 
Wind at New Haven, Conn., as determined by the two aeriea of 
observation«. 



6 A.H. 
2 P.M. 

6P,«. 


J>a. \ F«h. 

+ 10-8i + lV4 
+ 9-3| + 16-9 
+ 9-21 + 19-* 


nu. 1 Apr. 

+ Ve + °2-6 

+ 1T-0- 9-1 
- 1-6 -62-3 


■a;. 

+ 28-1 

-ia'3 

-62-2 


Jue. 

- U 


JalT. 


Air. 

+ 3b-8 
-121 
-42-4 


StpL Ott. 

+ r2-6 +86-8 
-a5-5| + e4-2 
-20l!+B9-2 


N»T. Bm. 

+ 16'7 +!°31 
+ 16-6 +18-8 
+ lir + 16-3 



Tahle IV, Part 2. — Differencea between the mean directions of the 
Wind at New Haven and WaUingford, Conn. 





Jaa. 
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Jue. 


Jllj. 
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Sttt. 
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Nn. 1 Dm. 
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+ iUi 
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+ 32-1 
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< 
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-4r; 


- 311 






-20-fi 


+ ia-f 


+ 36-^ 


+ 7-6 


- 4-8 


10 


-190 


- 91 


- S-8 


-32-5 


+ 2-8 


+ 29-3 


+ 24-2|- 6-9 


+ B81 


+ 24-6 


- 2-8 


-Hi 



If we compare the curves thus obtained for New Haven with those 
given for WaUingford on Plate VIII, we shall find the results tolerably 
satisfactory. A numerical comparison of the observations at the two 
stations is given in Table IV, Fart 2. For the month of October the 
curves at the two stations show but little difference, except that the 
direction at WaUingford is on an average twenty-four degrees more 
westerly than at New Haven. For the month of November the two 
carves bear a strong resemblance, the direction at WaUingford being 
on an average seven degrees more westerly than at New Haven. For 
the month of December the two curves bear a stUl closer resemblance, 
but the direction at New Haven is on an average six degrees more 
westerly than at WaUingford. For January and February the resem- 
blance of the two curves is equally strong, but the direction at New 
Haven is sixteen degrees more westerly than at WaUingford in Jao- 
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uBiy and seven degrees more westerly in February.' In March the 
resemblance of the two curves is not quite so close, but the mean 
direction for the two stations is identically the same. 

We thus see that for the six colder months of the year the curves 
at the two stations are quite similar, but there is a difference in the 
mean direction of the wind, which changes from month to month with 
each regnlarity that we cannot ascribe it to errors of observatiou. 
This will appear from the following table, in which column second 
shows the average difference in the direction of the wind at New 
Haven and Wallingford for each of these six months, and column 
third shows the differences between the numbers in column second. 




October, — 
November, . 
December, . 
Jutuaiy, 



March, .. 



The regularity in the change of direction at the two stations is so 
great, as to indicate the operation of some physical law. Can these 
differences be reconciled with the explanation of the winds at Wal- 
lingford, given on page 249 ? It is somewhat hazardous to express 
an opinion upon this subject antil we have observations from a 
suffident number of stations to enable us to eliminate the effects due 
to purely local causes. We might expect that since Kew Haven is 
nearer to the ocean than Walling^ford, the deflecting influence due to 
the warmer temperature of the ocean would be stronger at New 
Haven than at Wallingford, whereas the observations seem to indicate 
that during the winter months the contrary is true. The following ex- 
planation ofthese seeming anomalies is suggested: lBt,the Gulf Stream 
exerts an influence upon the direction of the winds in the vicinity 
of New Haven, which is more powerful than that of the nearer but 
cooler ocean ; 2nd, the difference in the distances of the Onlf Stream 
from New Haven and Wallingford is so small that this cause ought 
to operate with sensibly the same energy at both stations ; but 3rd, 
New Haven is situated in a basin near the level of the sea, while 
Wallingford is elevated about 130 feet above the sea, and has a very 
free exposure. The winds at New Haven are therefore ti-equently 
mere surface winds of limited extent, while those at Wallingford 
correspond more nearly with the general drift of the atmosphere in 
this region. 
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These conclusions appear to be confirmed by a comparison of the 
directioDB of tbe wind at New Haven and Wallin^ord during the ux 
warmer months of the year. In the months of April and September 
the diurnal change of direction is much greater at Kew Haven than 
at Wallingford, the wind being almost exactly North in the morning, 
and nearly South at the hottest part of the day. In May and Angnst 
the wind at both stations is nearly North in the morning and South 
in the afternoon, but with this difference, that at Wallingford the 
Westerly motion exceeds the Easterly, while at New Haven the 
Easterly motion exceeds the Westerly. It seems probable that the 
latter effect is confined to places but little elevated above the level of 
the sea. In June the curves at the two stations are qiute similar ; 
while in July the diurnal change is much the greatest at New Haven. 
We conclude therefore that the New Haven observations are not 
inconsistent with the explanation hsretofore given of the winds at 
Wallingford, and that the peculiarities of New ^aven result from 
local causes, among which are to be enumerated its low position, and 
perhaps also the shallow water of Long Island Sound, with Long 
Island on the south of it. It is suspected that these local winds at 
New Haven are of the nature of counter currents, analc^ons to the 
counter currents observed along the banks of rapid rivers, especially 
where the banks are considerably indented. 

Velocity of the Wind. 
In the year 1)^60, a Robinson's anemometer, made by L. Casella of 
London, was procured by Prof Elias Loomis for Yale College. The 
hemispheres are three inches in diameter, the distance between the 
centers of the opposite cups is 13*5 inches, and the distance traveled 
by the wind is recorded up to fiOO miles. The anemometer was 
erected upon one of the towers of Graduates' Hall at an elevation of 
66 feet from the ground, where the exposure was entirely unob- 
structed. In December, 1863, regular observations were commenced 
by Proil Loomis, and have been continued to the present time. The 
observations were made at intervals of one, two or three days, 
according as was found convenient, the object being simply to deter- 
mine the average velocity of the wind for each month of the year. 
It was soon found that the velocity Indicated by the observations was 
smaller than had been expected, and it was suspected that the instru- 
ment was not entirely reliable. After the observations bad been 
continued tor two or three years, Prof Loomis decided to procure ft 
second instrument from a different maker. He accordingly requested 
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Tablb V. — Velocity of the Wind, New Haven, Conn. 



Jan. I 1^ Jan. 31 l\ , 

Jan. 1 12 Jan. 31 3 

Jan. I i Feb. 1 3 ' 

Jan. 2 4 Jaa. 31 4 : 

Jau. 2 1 Jan. 31 3 . 

Jan. 2 11 Jan. 30 2 





Mllca m 




CuelU.jN 


724-fi 


4O60 . 


717-6 


4096 


720-0 


4690 1 


7231) 


4206 ' 
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3750 


6BS-0 


4260 


676-0 


4216 

1 



4260 
3966 
4212 



Feb. 1 3i Feb. 23 Sj 

Jaa 31 li Feb. 27 1 

Feb. 1 14 Feb. 2S 1} 

Jan. 31 3 Feb. 2S 4 { 

Feb. 1 3 Ifar. I S 

Jan. 31 4 Feb. 27 4 '■ 

Jan. 31 3 Feb. 28 4 

Jan. 30 2 Feb. 28 12 



27 4 April I 

28 4 April 1 
28 12 Mar. 31 1 
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3553 
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4430 




64ft-0 


4770 
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4116 
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4339 
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April 2 4i May I 

April 1 1 April 2S 

Mar. 31 H April SO 

Mar. 31 6 May 1 

April I 5 Ua; 1 

April 8 12(11 



461G 

4720 , 
4962 I 



Mar. ; 



Maj 3 

April 30 
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6} JUD 



1 



May 1 I2i June 

April 30 5 JviDQ 

May 1 6 June i i£ 

April 30 10 May 31 4 

April 29 41 June 1 9 

April30 4 May 30 4 

; June l" 1 July 1 Sj" 

I June I 4 June 30 7 

.rune 1 \\ June 30 i\ 

June 1 1 2 June 30 4 

May 31 4 June 28 5 

I June I 9 July 1 4 

; May 30 4 July 2 5 



675-5 


3830 


771-6 


4646 




4361 


7600 


4247 


184-5 


4013 


7200 
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3239 


6990 


2966 


696-0 


3236 
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3921 
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2S04 
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793-0 
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Tablb V— HMntuDued. 



3 






';r 
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1 


1 """" '""■ 


CuelU 


Ni»r.lt 


CutlU. 


NacMCd 


t 


1B64 
ISSS 
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1867 
186S 
1869 

1870 
Ueao 


July 1 &J July *9 10 
June 30 7 July 21 9 
June 30 It July 31 5 
June 30 4 Aug. 2 « 
June 38 S Aug. I 6 
July 1 4 Aug. 3 10 
June 28 5 July 39 7 


664-6 
638-0 
T4T-6 
794-0 
817-0 
786-0 
7460 


3024 
3385 
3060 
3313 
2966 
3160 
3140 
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2783 
2970 
3217 


4-10 
6-15 
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4-21 
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Ueaa 
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302fi 
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3-ei 
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Aug. 1 6 Aug. 31 3 
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3-19 
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T180 28Sfi 
680-6 3091 
746-0 1376 
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6-63 
6-42 
4-02 
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7430 
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31S0 
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4965 
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4-68 
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Oct SI 9 Not. 3D 12 


721-0 
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696-0 
7160 
696-0 
6780 
lg3-0 
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4916 
4296 
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3979 
fi662 
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4209 
4021 
6611 
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6-75 
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... 
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6-05 
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6-83 


i 


1863 
1S64 
1866 
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Dec ! 11 Dec 32 3 
Dec 1 1 Jan. 1 4 
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Not. 30 12 Jaa. 2 II 
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IB 30 
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4130 
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4916 
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7-43 1 ... 
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6 67 ; ... 
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7-20 6-96 
6-04 629 
6-32 , 6-20 
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Mr. Glaisher, who baa charge of the Meteorological Department of 
the Greenwich Observatory, to select an anemometer similar to one 
of those In use at Greenwich, to set it up iu proper position and 
observe it carefolly for a sufficient time to determine its error as 
compared with the Greenwich instruments. Mr. Glaisher promptly 
acceded to this request, and selected a Robinson anemometer made 
by Negretti & Zambra of London. The diameter of the cups was 3*8 
inches, the distance between the centers of the opposite cups was 13'8 
inches, and the instrument recorded the wind's progress up to one 
thousand miles. From a comparison continued for several weeks Mr. 
Glaisher concluded that the readings of this instnunent needed to be 
increased in the ratio of 98 to 100, in order to make them accord 
with the Greenwich standards. This anemometer was received in 
Xew Haven in the winter ot 1807, and was immediately set up on 
the same tower as the former instrument, and distant from it sixteen 
feet. Both instruments have been observed regularly to the present 
time, the observations having been made chiefly by Prof. E. Loomis. 
It is found that the results obtained from the two instruments differ 
but slightly. When the velocity of the wind is small, the Negretti 
anemometer gains somewhat upon Casella ; and when the velocity is 
great, Casella gains somewhat upon Negretti ; but in the results of 
an entire year, the difference between the two instruments is entirely 
inappreciable. 

Table V contains a summary of the distances traveled by the wind 
for each month since the observations commenced, according to the 
indications of each anemometer. In column 3rd are given the 
dates of the observations corresponding most nearly to the beginning 
and end of each month ; column 4th shows the included interval of 
time expressed in hours; column 5th shows the distance traveled by 
the wind during the preceding interval according to Casella'a ane- 
mometer, and column 6th shows the distance for the same interval 
according to Negretti's anemometer; columns 7th and eth show the 
mean hourly velocity deduced from the observations with the separate 
instruments. The following table affords a comparison of the indica- 
tions of the two instruments, the velocities given for the Casella 
anemometer being the mean velocities determined for the years of 
observation when both instruments were employed. 

Comparison of GaselltCs and Negretti's AnemoTneters. 



Fck. I Hw. Ipr. 

6-71 I 6-50 6-ia I 



JalT- j iig. j Sept. I Oct. I NtT. I Dm. 

4-00 j 3'T9 4-31 6-26 8-41 frSS 
3-93 , 3-79 I 4-30 fl 42 6-39 6-53 
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For the entire year, the average difference between the two instm- 
ments is Isbb than one hundredth of a mile, and their indicatiouB may 
be regarded aa identieal. The last column in Table V shows the 
mean velocity of the wind for each month of the year as derived 
from the indications of both instruments combined, and increased in 
the ratio of 93 to 100, or a little over seven per cent. 

Table VI. — Meampka of Sigh Winds observed at New Haven, Conn. 
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A few examples of unusually high winds are exhibited in Table VL 
This table does not show by any means the greatest velocity of the 
wind which sometimes prevails at New Haven for a few hours, but 
only the greatest average velocity for a period of 24 hours. As the 
observations were never made at intervals less than about 24 hours, 
and generally at intervals of two or three days, they do not afford 
the means of determining the maximum velocity prevailing for an 
hour or two, and iu only a few cases do they indicate the greatest 
average velocity for a period of 24 hours. The examples qnoted in 
the table are derived mainly from the record of the first two years, for 
the reason that the anemometer was then observed more frequently 
than iu subsequent years. 

The average velocity of the wind at New Haven ie so small that it 
has been thought desirable to compare it with the results obtained irom 
similar observations at other stations. For this purpose a collection 
of observations hae been made, as complete as the materials accessible 
in New Haven have permitted. The results are shown in I'able VII. 
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Table VII. — Me/m velocity of the Wind at 

ffrwnioifA, Bngbmd, 
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8-0 

122 

12-2 


12-0 
9-1 

V-s 

9-8 

90 

9-7 
111 
132 

9-5 

10-2 
8-4 
9-1 

10-0 
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10-0 
9-2 


13 7 
U'2 
11-9 
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Liitrpool, England. 
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Table VI I—con tinned. 
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The results for Greenwich were derived from the "Greenwich 
Magnetic and Meteorological ObBcrvationB." The instruments em- 
ployed were Whewell's and Hobinson'a anemometerB, the indlcationB 
of the former having been reduced to those of the latter in the 
"Greenwich Observations for 1862. Introduction, p. 62." The re- 
sults for Oxford were derived from the "Radcliffe Observations," and 
the instrument employed was Robinson's anemometer. The results 
for Liverpool were derived from the " Report of the British Associa- 
tion for the Advancement of Science for 1855," and the " Radcliffe 
Observations for 1857." The observations were made with Osier's 
anemometer. The results for Kew were derived from the " Radcliffe 
Observations for 1857." The results for Plymouth were derived 
from the " Qnart«rly Journal of Meteorologieal and Physical Science 
for 1842-3." The instrument employed was Whewell's anemometer. 
The results for BniSKelB were derived from Osier's anemometer, and 
are taken from the " Annales Meteorologiques dc I'Observatoire royale 
de Bruxelles." The numbers denote pressure in kilogrammes, which 
have been reduced to pounds per square foot, and hence has been 
deduced the velocity in miles per hour in accordance with the Tables 
of the British Board of Trade (see Loomis' Meteorology, page 277), 
The results for Madrid were obtained from a Robinson's anemometer 
made by CaselJa, and are taken from the " Observaciones Meteorolog- 
icas Efectuadas en el Real Observatorio de Madrid." The results are 
given in kilometers, and have been reduced to milea per hour. The . 
results for Mttlhausen were derived from a Valz anemometer, and 
were taken from " Schmid's Meteorologie," p. 501. The results are 
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expressed in Paris feet per second, which have been reduced to miles 
per hoar. The resnlts for Madras, India, were derived from Osier's 
anemometer, and were taken from the " Madras Meteorological 
Observations." The pressures expressed in pounds per square foot 
have been reduced to velocities in miles per hour by Loorais' Table, 
The results for the Cape of Hood Hope were derived from Osier's 
anemometer, and were taken from the first number of the " Meteoro- 
logical Papers of the Board of Trade, London, 1857." The results 
are given in pounds pressure per square foot, and have been reduced 
to velocities in miles per hour. The Philadelphia observations were 
made with Osier's anemometer, and are taken from the " Magnetic 
■ and Meteorological Observations at Gii-ard College." The results, 
which are given in pounds per square foot, have been reduced to 
velocities in miles per hour. The results for Wallingford, Cona, 
were deriv.ed from Osier's anemometer, and are given in ounces of 
pressure on a surface of 100 square inches, which have been reduced 
to velocities in miles per hour. The observations for New York City 
were made with Robinson's anemometer, and are taken &om the 
"Thirteenth Annual Report of the Board of Commissioners of the 
Central Park." The observations at Toronto, Canada, were made 
with Robinson's anemometer, and are derived from the " Abstracts of 
Meteorological Observations made at Toronto from 1854 to 1859." 

Table VIII. — Mean Monthly and Annual Velocitiet of the Wind, 
in miUi per hour. 
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Table VIII contains a summary of the mean monthly and annual 
velocities in miles per hour for each of the preceding stations. The 
stations are arranged in the order of the mean velocity of the wind. 
New Haven shows a less velocity than any other of the stations, 
except Cairo in Egypt The observations for Cairo embrace only 
four months of the year 1865, and are derived from the " Appendix 
to the Edinburgh Astronomical Observations, Vol XHL" 
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11. NOTSB ON THE GBOLOal OF THB ISLAMD OF YbSSO, JaFAH, 
FROM ObSBRVATIONB MADE IN 1B62. By W. P. Bl^KB. 



Read Febniarj 21, 1S72. 



The salient features of the geology of the Island of Yesso, Japan, 
are volcanic. Symmetrical cones, snow-capped for a great part of 
the year, are the first landmarks that greet the eyes of the marine, 
aa he approaches the coast, and are the last to disappear as he leaves 
it behind. The oone of Esan, in a Rolfatario condition, forms the east- 
em and Bonthern headland of the ialand, not far distant from the port 
of Hakodadi and from Komangadaki Mountain, another solfataric 
cone which rises conspicuously upon the southern shore of Volcano 
Bay, at about the same distance frora Hakodadi. This last mentioned 
mountain was in a state of violent eruption a few years ago, and threw 
ont an enormous quantity of ashes, pumice, and hot water. Further 
north, beyond Volcano Bay, the beautiful cone of Shiribets is grouped 
with several others, but all of them are remarkable for their symmetry 
and grandeur. Most of these volcanic mountains may be regarded as 
extinct, though many yield quantities of sulphur and emit steam. At 
an early period their activity must have been prodigious, for almost 
everywhere throughout the island, or at least the southern portion of 
it, so far as explored, there is a vast deposit of fragments of trachyte, 
lava, Bcorife and volcanic debris. These materials are generally in 
the form of a stratified brecciated conglomerate, sometimes alteniating 
with finer materials, such as beds of sandstone and of volcanic ashes. 

A coarse conglomerate of this formation is found bordering the 
island firom Esan nearly to Komangadaki, and extensively upon the 
western coast, as in the neighborhood of IwanaL It is also found 
extensively developed in the interior. 

Older and stratified formations appear to form the basis or founda- 
tion for the volcanic formations. At Ota, on the west coast, granitic 
and metamorphtc rocks, in well defined outcrops, form a rugged 
coast. In the interior they form the principal watershed, and give 
rise to many rivers, in the beds of which gold is found in deposits 
which can be profitably worked. These metamorphic strata are 
uplifted, and generally trend northwest and southeast, and show 
flexuro and bending exactly as in other and better known regions- 
Slates, sandstones, and limestones are found also at Esan, Shuokobi, and 

TRAira. CoMiraonoDT Aoad., Vol. II. 82 Dbcembbe, I8T2. 
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near Kakumi, and at the lead mineB of lahinowatari and Urup. The 
rocks at the two last-named placesare not as mach uplifted and metamor- 
phosed as the granitio and auriferous rocks, but they are probably parts 
of the Bame Berics of formations. The only recognizable fossil found is 
apparently a fragment of a. calamite, leading me to suspect that the beds 
are of Carboniferous age; but this is by no means certain, and although 
diligent search was made no other evidence of the age of these formations 
oonld be found. N^ear Iwanai there are beds of good coking coal in 
Htrata that have no lithological resemblance to the anriferouB series, 
but they are uplifted at a high angle. Fossils apparently of Cret*- 
eeous or Jurassic age are found in the eastern part of the island. 

The next stratified formation of interest is marine Tertiary or Po6^ 
tertiary, which rests unconformably upon the older stratified beds, 
and is highly charged in some places with well preserved fossils 
scarcely dislinguishable from the moUusea now existing npon the 
coasts. In these deposits, and in later terrace-like formations, there is 
abundant evidence of the comparatively recent uplift of the whole 
island, and the same evidences are found upon the island of Nipon. 

Dynamically, the formation of greatest interest is without donbt 
the volcanic conglomerate and the associated beds of finer volcanic 
materials. They record the most energetic volcanic action at an 
early period before the recent uplift, for it is almost certain that the 
mass of the conglomerate was deposited under water. It seems as if 
there had been a series of violent subaqueous eruptions, perhaps at 
the time the now-existing cones began to be formed. It is mwt 
probable that the island has been gradually formed by the rising of 
these separate cones above the sea, thus giving at first a group of 
islets, each a volcano, similar perhaps to those which can now be seen 
off the coast and at the entrance to the Bay of Yeddo. One is repre- 
sented opposite the western coast on the Japanese maps. 
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I. COMPABI8ON OF THE MUBCLKS OP THE CbBLONIAN AND HOHAN 

Shouldkr-girdleh.* By Henry Smaler Wii.uams. 
Freeeated Januurj, 1B12. 

The object of the following paper is to sbow the importance of the 
positions and relations to each other, and to the axes of the bones, of 
the (xreca of origin and inaertion of mnscles. 

While comparing the musclfs of the Cheloniana with those of man, 
the writer observed that while the bones were found to differ much in 
shape and proportions, and the size, form and number of the muscular 
bundles, and their relations to each other, were often found to differ, 
the relations of the areas of origin to each other wore found to be 
remarkably constant. Hence in dissecting out the muscles of the Che- 
lonians from the body outward, or, in other words, tracing the mus- 
cles from the origin of motion to the part moved, it was observed 
that the areas of origin numbered 1, 2, 3, i&c, on each bone, as they 
were exposed, belonged to muscles which were, in final action, very sim- 
ilar in all, however much they might differ in their size and strength 
and shape, and even insertion, in the different genera. Then came 
the assumption that the fundamental reason why muscles in different 
vertebrate animals should receive the same name is that they per- 
form the same functions, or that their final action is the same ; and in 
conclusion, we reach the rule that the areas of origin (or, in general, of 
the attachment) of muscles furnish the most exact means for deter- 
mining the homologies existing in the muscular systems of different 
forms of animals. 

To apply and illustrate this rule, we take the unique shoulder-gir- 
dle of the Chclonians and compare it with that of man. 

The shoulder-girdle of man is composed, on each side, of a scap- 
ula (PI. 12, figs, 1 and 2), which alone supports the fore limb, and a 
clavicle which articulates with a process of the scapula and connects 
it with the stenmm. From, the scapula there arises a process from 
the me<lian line of its posterior surface, called the spine (PI, 12, tig. 1 , 
s.), which extends outward into a process called the acromion process 
(PI. 12, fig. 1, a.). 

From the superior border, next the glenoid fossa, another process 

* Abstract of a portion of a Theais prosonted to the SliefBeld Scientific School, when 
a candidate tor tlie degree of Ph.D., July, I8I1. 
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extende upward and forward, called the coracoid procesB (PI. 12, fig. 1 , 
c). The axillary border of the scapula (PL 12, fig. 1, b.) is thickened, 
and is connected with the " apine " by a thin sheet of bone. The 
"acromion process" is articulated with the clavicle which passes 
from it to the sternum. The clavicle is also attached to the " cor- 
acoid process " by a ligament. 

The shoulder-girdle of the Chelonian (P). 13, figs. 1 and 2) is com- 
posed of three shafts of bone, diverging from the glenoid cavity. One 
(PI. 13, fig. 1, b'.) is attached proxiroaliy to the under side of the ante- 
rior part of the carapace by a ligament near to the first dorsal verte- 
bra. The other two lie in a hoi-izontal position, the one (PI. 13, fig. 

1, a',) running from the articular end of the girdle to the anterior part 
of the upper aide of the plastron, and attached to the latter by a 
strong ligament at its medial line; the third part runs obliquely 
toward the center of the plastron, its proximal or medial end being 
more or less free. 

In homologizing the elements of these shoulder-girdles, the follow- 
ing results have been reached. The perpendicular shaft (PL 13, figs. 1, 

2, b'.) of the Chelonian is regarded as the representative of the "exter- 
nal" or "axillary" border of the human scapula (PL 12, fig. l,b.), 
and may be called the scapula proper. 

The second anterior horizontal shaft of the girdle (PI, 13, figs. 1, 6, 6, 
a'.) represents the "spine" and "acromion process" together, of the 
human scapula (PL 12, fig. 1, a. 8.), and may lie called the acromion. 

The third, or posterior horizontal element (PL 13, fig. 1, c), repre- 
sents the " coracoid process," and may be called the coracoid. 

From the "posterior" surface of the human scapula and its pro- 
cesses arise six or seven distinct muscles. Let us consider them sep- 
arately, in their relations of origin and insertion. 

The " teres major " arises from near the medial end of the axillary 
border of the scapula (PL 12, fig. 1, i); part of the "latissimua dorsi" 
sometimes arises from the extreme end of this border (PL 12, fig. 1,3): 
the direction of these two muscles, as well as their action and areas 
of insertion on the humerus, are closely related. The corresponding 
mnscle in the Chelonians (PL 13, fig. 1, 1), called "teres major" by most 
all writers on the subject, arises from the anterior face of the scapula, 
the area of origin being a narrow line extending from the medieJ end 
to the acromio-scapular angle. It is inserted into the neck of the hume- 
rus together with the representative of the "latissimus" (PLl3,fig. 7, 1). 

There is considerable difference in the positions of the areas of 
insertion of this muscle, here and in man, the discussion of which 
will not be introduced at this place. 
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The mnBclee "teres minor" and "infraspinatua" (PL 12, fig. 1, »,4) 
ariae from the more distal or articular half of the " axillary " border, 
and from the thin lamina of bone connecting this border with the 
" spine." These two muaclea are intimately associated in direction of 
action, aa well as in their points of origin and of insertion, botli being 
inserted on the more dorsal side of the greater (of aathropotomy), or 
radial tuberosity (PI, 12, fig. 4, r., 4, »), If theae two muscles are rep- 
resented in the Chelonians, I have little doubt but that the thin sheet 
of mnacle arising from the angle formed by the scapula and acromion 
(PI. 13, fig. 1, ), 4), and inserted into the humerus on the dorsal side 
of the lateral tuberosity (PI. 13, figa. 4 and 7, ■, 4). ia the true one. 

I have called thia the musculita scapulvacromiohutneralia, and 
am strongly inclined to consider it the true representative of the 
"ter^ minor" of anthropotomy. The "infraspinatus" may be con- 
sidered as wanting, or as fused with the "teres minor" — to form thia 
bundle. The assumption is that the lamina of bone connecting the 
''axillary border" with the "spine" in the mammalian form of sca- 
pula is not developed in the Chelonians, and that the element called 
acromion in the latter is the representative of the ridge called " epine " 
and the " acromion process " of the former, as will be farther explained. 

In the human scapula we observe again a strong muscle arising 
from the "spine" and acromion process (PI. 12, fig. 1, »), called the 
deltoid. The area of origin for this muscle is on the edge and sur- 
face of the spine and acromion, opposite the coracoid process, and 
reaching from the medial border of the scapula to the end of the acro- 
mion, where it articulates with the clavicle. It is inserted into the 
shaft of the humerus, near its middle, on a line with the greater or 
radial tuberosity (PI. 12, fig. 3, *). 

The representative of this muscle in the Chelonians arises from the 
anterior side of the acromion; its area of origin extending from near 
the scapulo-acromial angle (where it is quite continuous with the ntu«- 
cvlvt scapulo-acromio-fiumeralis, this fact quite agreeing with the 
idea that this latter muscle is the representative of the " infraspinatus 
and teres minor,") to near the medial extremity of the acromion (PI. 
13, fig. 1, .). 

Its insertion is into the radial tuberosity on its dorsal aide (PI. 13, 
figs. 4 and T, »). It will be observed that all the humeral motors in the 
Chelonians are inserted high up, close about the proximal head of the 
humerus, to the neck and tuberosities, so that we may not look for 
exact bomolo^es in regard to their inaertional areas. 

The muscle next to be noticed is the " anpraspinatus," which arises 
from the surface of the scapula beyond the spine, and between it and 
the coracoid (PI. 12, fig. ), a). 
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\i our homologiring of the Chelonian sboulder-giidle be correct, 
th« representative of this muscle should arise from between the oor& 
ooid and acromion elements. Its insertion should be into the exter- 
nal or radial tuberosity. Now let na see how nearly these require- 
ments are met. In the Chelonians there are two, more or less distinct 
bundles of muscle arising from the acromion and coracoid — from the 
edges facing each other and irom the lower surfaces (PL 13, figs. I, 5 
and 6, <, <", <*',). In some genera these two bnndles are quite distinct 
and separate throughout all their fleshy portion, and in others they 
are continuous, forming a broad but thin bundle, filling up the space 
between the acromion and coracoid, even to their medial extremities — 
the fibers forming the middle part of the bnudle arising from the cor- 
aco-acromial ligament; but, in all cases observed, the two bundles 
have a common insertional tendon, which is inserted into the head of 
the radial (the "greater" in anthropotomy, the "lesser" of Cheloni- 
ans) tuberosity of the humerus (PL I3,figs.3and4,a). These two mus- 
cles are the M. acromio-humeralig tectmdue, and the M. coraeo-hunie- 
ralia secundti*. It will be observed that the insertion of their com- 
mon tendon .is near the insertion of M. acapulo-acromio-humerali*, the 
representative of the " infraspinatus" and "teres minor," the relation 
between them being almost precisely that which Is observed in anthro- 
potomy. 

The only other humeral motor arising from this surface of the 
human scapula is the " coraco brachialis." In man this muscle arises 
from the extreme end of the coracoid process, together with one 
head of the triceps (PI. 12, fig. 1, ^). In its course it lies outside of 
the " subscapularis," and is inserted into the shaft of the humerus 
near its middle, in a line with the lesser or ulnar tuberosity (Fl. 12, fig. 
3, ')■ 

In the Chelonians we find a muscle arising from the upper surface 
of the coracoid (PL 13, fig. 2, t), passing outside of the repi'esenta- 
tive of the " »ubscapuiarit" and inserted into the humerus on the 
head and lower edge of the ulnar tuberosity (PL 13, figs. 3 and 4, 7), 
which is here greatly developed, so that it is tai^r than the radial 
one. This is the M. coraco-humeralU primus, and must be regarded 
as the representative of the " coraco- brachial in," if the assimiptions 
already made be correct. 

The " biceps " of anthropotomy arises by two heads ; one area of 
origin covers the rim of the glenoid cavity at the base of the cora- 
coid (PL 12, fig. 1, b); the other area, in connection with that for the 
" coraco-brachialia," covers the end of the coracoid proceu (»»). The 
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two heads run together on the under aide of the arm, to be inserted by 
a single strong terete tendon into the nlna, near its proximal end. 

In most Chelonians this muscle (PL 13, figs. 2, 6, ») is repre- 
sented by two distinct muBcles, the M. corac<Mtlna/rU and M. eoraco 
radialis; the former arising from the more distal part of the posterior 
edge of the coracoid, being inserted into the nlna near the prox- 
imal end ; the other arising from the medial half of the same edge of 
the coracoid, being inserted into the radius and outer side of the 
wrist, and sometimes running as far as to the thumb. In one genus 
{Cheionia) the second part of the muscle is represented by only a 
tendonous ribbon continued on from the outside of the lower end of 
the first, and inserted in the region of the wrist. 

There are two muscles rem^ing which have a scapular origin in 
man, the " subscapularis," and the long head of the "triceps." 
The area of origin for the "subscapularis" (PI. 12, fig. 2, s), covers 
the anterior surface of the human ttcapula, its fibers converging toward 
the head of the humerus. Its insertion is into the lesser or ulnar 
tuberosity (PL 12, fig. 3, b). 

In the Chelonians this is represented by two more or less distinct 
bundles (M. M. scapulo-humeralis secundiu and tertitts), arising from 
the scapula and inserted into the internal (ulnar) tuberosity (PI. 13, 
figs. 1 and 2, ao, %l>). The area of their origin covers the greater 
part of the shaft of the scapula from the origin of the "teres major" 
(PI, 13, fig, 1, i), extending around in front and on the posterior side 
quite to the inner side 'of the shaft. On account of the small size ol 
the shaft, the origin, ends, and body of these muscles are pretty well 
fused together, but toward their distal ends two bundles may, in 
some cases, be made out, and in PtyehemyB, of which the most care- 
ful dissections were made, two distinct insertions were made out, 
one on the oirter, the other on the inner side of the ulnar — that is the 
greater, or internal, tuberosity (PL 13, figs. 3 and 4, so, afr). The lower 
part of the insertion of the M. coraco-humercUis primus, — the repre- 
sentative of the " coraco-brachialis " {figs. 3 and 4, i), separates these 
areas. 

From the rim of the glenoid caA-ity on the outer aide, at the base of 
the scapula (PU 13, fig. 1, ii"), arises, by a tendon, a muscle which is 
joined by a stronger bundle, having a humeral origin, and which it 
overlies for its whole length. It is inserted into the proximal head of 
the ulna, on its dorsal side, and acts as an extensor of the forearm. 
I presume there wilt be no hesitancy in regarding this as the repre- 
sentative of the long head of the "triceps" of anthropotomy. 
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This cloeea the list of mueclee arising from the scapula and its pro- 
cesses in man, and acting upon the arm. 

There is some reason for believing the episternal plates to be the 
representatives of the " clavicles " of anthropotomy. A portion of the 
representatives of the deltoid arises from the above mentioned ele- 
ments. The acromion is attached to it ligamentously. The repre- 
sentative of the " stemocleido-mastoid " does not arise from it in any 
cases I have observed, but generally only from the medial edges of 
the "hyostemal plates," when they meet, or from the middle of the 
cartilaginous part of the sternum, when these plates do not meet at 
the medial line. 

If we are to presume that the Cheloniana have a representative of 
the mammalian clavicle, I think the epistemal plate presents more 
characters bomological with those of the clavicle than does any other 
element of the skeleton. 

The anterior horizontal element of the shoulder-girdle, it will be 
remembered, is, in this paper, considered to be the representative of 
the spine and acromion process of the mammalian scapula, and not 
the clavicle, as KUdinger and some others regard it. 

Parker, in his work on the Shoulder-girdle and Sternum, regards 
the epistemal element of the plastron as the rep%esentative of the 
clavicle. (See Parker's Mongr. on Shoulder-girdle and Sternum, 
1668, pp. 133, &c.) 

In the Chclonians there are no muscles, now remaining to be consid- 
ered, which arise from the shoulder-girdle proper and act upon the parts 
of the fore-limb. In the genus Chelonia a few special bundles were 
observed arising from the base of the scapula and acting upon the 
humerus; but they must be regarded as "special muscles," as they 
were observed in no other specimens dissected. 

In the Chelonians a long muscle arises from the anterior edge of 
the coracoid {Pi. 13, figs. 1, 5, lo), and runs forward under the neck to 
the hyoid apparatus. * 

It arises in man from the "superior" (coracoidal) border, at the 
base of the coracoid process {PI, 12, fig. 1, lo), and is inserted into 
the hyoid apparatus. The relations which the areas of origin for this 
muscle, the "supraspinatiis" and the " coraco-brachialis," bear to 
each other, is too closely followed in the Cheloiiians to be passed over 
as of no imi>ortance. 

The areas of attachment of the muscles thus help in the determina- 
tion of the bones, while they furnish the means, probably the most 
accurate, for determining the muscles themselves iu the study of com- 
parative anatomy. 
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I think it will be granted, after the comparigone already made, that 
the area of origin for the " omohyoid " in the Chelonian shoulder-gir- 
dle would find its true position on the coracoid or acromion, rather 
than on the scapula, and considering the origin of the i-epreaentative 
of the " supraBpinatns " — from both the acromion and the coracoid, — 
we are not so much puzzled to find where the representative of the 
former Bbonid arise, as we are surprised at the accuracy with which 
our rule is carried out. 

The muscles which ai-e inserted into the shoulder-girdle cannot be 
horaologized so easily, nor should we expect them to agree so 
closely in different types of structure, since the attachment of the 
ehoulder-girdle to the body is not by close joints, but by loose muB- 
cular and ligamentous attachments. Neveitheless a muscle arising 
from the edge of the carapace and inseited into the ends of the sca- 
pula (PL 13, fig. 2, vi), and attached by a thin sheet to the side of the 
same as far as to its base, then continued on to the end of the coracoid 
(PL 13, figs. 2 and 5, jj*), may certainly be considered as a repre- 
sentative of the " serratua anticus major " and " pectoralis minor," and 
though presenting slight variations, these are not more than the great 
modification of the whole aiTangement of the shoulder-girdle of the 
Chelonians would demand. 

The above considerations have suggested a theoretic.il explanation 
for the unique relation that the shoulder-girdle bears to the general 
frame-work of the skeleton in the Chelonians, which will, however, 
be deferred to some future time. 

I have avoided making mention of the interpretations that other 
authors have given to the muscles under consideration, reserving this 
matter till the close. In the first place, I had access to only one 
original work on the subject (Rudinger's Muskelen, Ac), and his in- 
terpretation of homologies did not satisfy me, and I also had difficulty 
in making ont with certainty how much of the descriptions and doter- 
minatioDB was original and how much had been taken from other 
writers, I left them all, therefore, and with scalpel and pencil under- 
took to work ont'the problem for myself 

Trans, CoNMEoncnr Acad., Vol, II. 23 Aprii, I8T3. 
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EXPLAHATION OF THE PLATBS. 

Platk 12. 
Fig. 1. Outer mir&oe of the left Human scapula. 

" 3. Anterior view of the left Human humerus. 
" i. Posterior " " " " " " 

Plate 13. 

Fig. 1. Anterior view of the left shoulder-ginlte of a Chelonian (i^lycAemju ru^on). 

The upper end of the scapula poinia downiran] in the figure. 
¥)g. 2. Posterior view of the same. 

Fig. 3. Left humerufl ; showing the ulnar aide of tlie upper half of the bone. 
Fig. 4. Left humerus ; showing the radial side of the upper half of the bone. 
Fig. B. Superior view of the left shoulder-girdle of the same. 
Fig. 6. Inferior view of the same. 
Fig. 7. Dortal view of the loft humerus of the same. 

EXPLAHitTIOH or THE FlOUBBS. 

The dotted lines mark out the areas of attachment of the several muscles to the 

bones. The round dots, thus , are used to define the areas of origin, and the 

elongated ones, thus , are used to define the areas of insertion. 

In the following list the names in the first row are those in common use in antiiro- 
potomy ; those in the second row are namea applied by various authors Ui correspond- 
ing parts in Ghelonians. 

The same numbers are used in both plates to designate parts, or areas, conaidored to 
be homologous. 

1. JfiuCTtfii* ifrea major, 31. lera mofor. 

2. " tatunmtu dorai, if. latanrata dorti. 

i. " in/raapirutiM, > if. delloidetu. 



supnapmalita, 

airaeo-brachialit, X, coraco-brachialu ROd. 



.1? 



f. davicnto-braehiaiia Boj. 

K m^Totpinaius, anon. 
If. t^tcapiiiartt Oken. 
If. infra^iaalat Rud. 
UcepA, M. bUept bracAii Riid. 

omohyoidetti, M. eoraro-hyoideue Hiid., maohyoideiu Boj. 

Ihcepa, 110,116, If, tricqi6 bradui. 

r 19a i P"^ "■ •sTOfiis anHcus mi^ar Hud, 
"* ) a JC oalo-Kapuiaria Rad. 

I pan M. «erratai anticia vv^ar ROd. 
I \2b. iS.M. eosto-emiicoideaa RQd. 
I \S. II. pect/rraHs minor Rad. 

I 1 para M. terrabit anttnw raajor ROd. 

|_ { S. M. coilo-ciaviciiiaria Rud. 

13. mtuetdut ptcioralia mt^or. 

14. " trapexiiu. 

a. Acromion process of scapula. a', aawnion. 

b, Alillarj border " " b , scapula. 

0, Coraooid process " " c, eoracoid. 
s. Spine " " 

g, Glenoid csTity " " 

1, Ooraco-acromial ligament. 

r. " Radial," or " greater " tuberosity. " Radial," " lesser," or " outer " tuberoei^ of 
^ the hiimenia. 

ar," "greater," or "inner" tuberosity. 
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XI. Graphical Mxthods in the Thekhodtnamicb of Fluids. 

By J. WlI.LAHD OlBBS. 

Although geometrical repreBentations of propositionB in the ther- 
modynamics of fluid? are in general uae, and have done good service 
in disoeminating clear notions in this science, yet they have by no 
means received the extension in respect to variety and generality of 
which they are capable. So far as regards a general graphical 
method, which can exhibit at once all the thermodynamic properties 
of a fluid concerned in reversible processes, and serve alike for the 
demonstration of general theorems and the numerical solution of par- 
ticular problems, it is the general if not the universal practice to use 
diagrams in which the rectilinear co-ordinates represent volume and 
pressure. The object of this article is to call attention to certain dia- 
grams of different construction, which aflbrd graphical methods co- 
extensive in their applications with that in ordinary use, and prefer- 
able to it in many cases in respect of distinctness or of convenience. 

QUANTMIEB AND BGLATIOHS WHICH ASB TO BB BBFBKeBNTBD BT THB DIAORAM. 

We have to consider the following quantities : — 

V, the Tolume, "l 

», the pressure, I , , , , . 

' ^, , , , , 1 of a given body in any 

(, the (absolute) temperatuw, r , ^ 

f, the energy, I ' 

7?, the entropy, j 

also W, the work done, )by the body in passing from one 
and H, the heat received,* f state to another. 
These are subject to the relations expressed by the following differ- 
ential equations : — ' 

* Work Bpent upon the bodf is as iiaiial to be considered oa a negaUve quautitj of 
work done by the body, and heat given out by the body as a negative quantUj of heat 
rei«ived by it. 

It ia taken for granted that the body baa auDiform temperature throughout, and that 
the pressure (or expanHive force) has a unifonn value both for all points in the bod]' 
and tor alt directions. This, it will be obaerred, will exclude irreveraible processes,' 
but will not entirely exclude solids, although the condition of equal pressure in all 
directions renders the case very limited, in which they come within the acope of the 
discussion. 
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dW=:apdv, («) 

dt=^H—dW, (b) 

where a and /? are constants depending upon the units by which v, p, 
W and ^are measured. We may suppose our units so cboeen that 
a^\ and /3^1,f and write our equations in the simpler form, 

de = dH~dW, (l) 

dW^pdv, (2) 

rfff = tdt}. (3) 

Eliminating d W and dH, we have 

d£=: tdrf —pdv. (4) 

The quantities v,p, t, i and rj are determined when the state of the 
hody is given, and it may he permitted to call them functioTis of th^ 
alnte of the body. The state of a hody, in the sense in which the 
term is used in the thermodynamics of fluids, is capable of two inde- 
pendent variations, so that between the five quantities ti, p, t, e and r/ 
there exist relations expressible by three finite equations, different in 
general for different substances, but always such as to be in harmony 
with the differential equation (4). This equation evidently signifies 
that if c be expressed as function of v and ij, the partial differential 
co-efficients of this function taten with respect to W and to rf will he 
equal to —p and to ( respectively.! 

* Equation (ft) may be derived from BJmple mechanicitl conBiderations. Equations 
(b) BDd (c) may be conaidered as defluiag the energy and entropy of any state of the 
body, or more atrictly aa defining the differentiala dt and dii. Tbat functiomi of the 
Blate of the body exist, the differentiala of which satisfy these eqiiationa, may easily 
be dedurad from the first and second laws of thennodynamicB. The term entropy, it 
will be observed, ia here used in accordiitioe with the original suggeetton of Clausing, 
and not in the Benee in which it haa been employed by ProfeSBOr Tait and otbere after 
his BiiggesCioD. The some quantity has been called by Professor Bankine the Thermo- 
dynamie fanction. See Olausius, Hechanische Warmetheorie, Abhnd. ii, g 14 : or 
Fogg. Ann., Bd. cxxv (1865), p. 390; and Raukine, PhiL Trans., vol. 144, p. 126. 

f For example, wo may chooae as the unit of volume, the cube of the unit of length, 
— as the unit of pressure the unit of force acting upon the square of the unit of 
length. — as the unit of work the unit of force acting through the unit of length, — and 
aa the unit of heat the thermal equivalent of the unit of work. The units of length 
and of force would still be arbitrary as well as the unit of temperature. 

X Ad equation giving t in terms of v and v, or more generally any Bnite equation 
between t, i and v for a deBnite quantity of any fluid, may be oonudered as the funda- 
mental thermodynamic equation of that fiuid, as from it by aid of equations (2), (3) and 
(4) ma; be derived all the thermodynamic properties of Uie fluid (so far as reversible 
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On the other h&nd W and H are not functions of the state of the 
body (or fanctiona of any of the quantities ti, p, t, s and //), but are 
determined by the whole serieB of states through which the body is 
supposed to pass. 

rmrDAMEXTAL n)BA iXD BBNEBAIi FB0PEBTIB8 OP TBK DUORAU. 

Now if we associate a particular point in a plane with every separ- 
ate state, of which the body is capable, in any continuous manner, so 
that states differing infiDitcIy little are associated with points which 
are infinitely near to each other,* the points associated with states of 
equal volume will form lines, which may be called linet of equal 
volume, the different lines l>eing distinguished by the nitmerical value 
of the volume, (as lines of volume 10, 20, 30, etc.) In the same way 
we may conceive of lines of equal pressure, of equal temperature, of 
equil energy, and of equat entropy. These lines we may also call 
iaoinetriG, ieopieatic, iaothervial, isodynaniie, i»entropic,\ and if neces- 
sary use these words as substantives. 

Suppose the body to change its state, the points associated with the 
states through which the body passes will form a line, which we may 
call the path of the body. The conception of a path must include the 
idea of direction, to express the order in which the body passes 
through the series of states. With every such change of state there 
is connected in general a certain amount of work done, W, and of heat 
received, II, which we may call the work and the heat of the path.l 

procesaes are concerned,) viz: the fuadaniental equatJOD witli equation (4) giv«B the 
three relations eiisting between v, p, t. e and i/, and theee relations being known, 
equations (!) and (3) give the work W and heat H for an; change of state of the 
fluid. 

* The method umiaUy emplojed in treatises on therraodynamica, in which tlie 
rectangular co-ordinates of the point are made proportional to tLe volume and pressure 
of the bod}', is a single example of such an association. 

f These lines are uauallj known by the name given them by Rankine, adiabatii:. 
If, however, we follow the si^gestion of Clausius and call that quantity entropy, which 
Bankine called the Oiemuidynamie fUnttion, it seems natural to go one step farther, 
and call the lines in which this quantity has a constant value iaentrvpic. 

i For the sake of brevi^, it will be convenient to aae language which attributes to 
the diagram properties which belong to the associated stales of the body. Thus it 
can ^ve rise to no ambiguity, if we speak of the volume or the temperature of a point 
in the diagram, or of the work or heat of a line, instead of the volume or temperature 
of the body in the stale associated witli the point, or the work done or the heat re- 
ceived by the body in passing through the slates associated with the points of tiie 
line. In like manner also we may speak of the body moving along a Lne in the dia- 
gram, instead ot passing through the series of slates represented by the line. 
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The value of these quantities may be calculated from equations (2) 
and (3), 

dW=:pdv 
dM= tdrf, 
i. e., W=/pdn (5) 

H =/tdrf, (6) 

the iutegration being carried on from the beginning to the end of the 
path. If the direction of the path is i-eversed, W and If change 
their Bigns, remaining the same in absolute value. 

If the changes of state of the body form a cycle, i. e., if the final 
state is the same as the initial, the path becomes a airatif, and the 
work done and heat received are equal, as may be seen from equation 
(1), which when integrated for this case becomes d-^H- — W. 

The circuit will enclose a certain area, which we may consider as 
positive or negative according to the direction of the circuit which 
circumscribes it. The direction in which areas must be circum- 
scribed in order that their value may he positive, is of course arbi- 
trary. In other words, if x and y are the rectangular co-ordinates, 
we may define an area either &afydx, or asfxdy. 

If an area be divided into any number of parts, the work done in 
the circuit bounding the whole area is equal to the sum of the work 
done in all the circuits bounding the partial areas. This is evident 
from the consideration, that the work done in each of the lines which 
separate the partial areas appears twice and with contrary signs in 
the sum of the work done in the circuits bounding the partial areas. 
Also the heat received in the circuit bounding the whole area i;: equal 
to the sum of the heat received in all the circuits bounding the partial 
areas.* 

If all the dimensions of a circuit are infinitely small, the ratio of 
the included area to the work or heat of the circuit is independent of 
the shape of the circuit and the direction in which it is described, and 
varies only with its position in the diagram. That this ratio is 
independent of the diri'ction in which the circuit is described, is evi- 
dent from the consideration that a reversal of this direction simply 
changes the sign of both terms of the ratio. To prove that the ratio 

• The conception of Broaa aa positive or negative renders it unnecesaary in proposi- 
tions of this kind to stnte eiplicitly the direction io which the circnita are to be 
described. For the directions of the circuits are delermined by the signs o( ttie areas, 
and the siRtis of the partial areas must be ttie same as that of the area out of which 
they were formed. 
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is iodfipcndciit of the ahape of the circuit, let us suppose the area 
ABCDE (fig. 1) divided up by an infiDite mimberof iaometrica v,v^, 
WjWa, etc, with equal differ- pj , 

ences of volume dv, and an 
infinite number of isopiestics 
PiP„P2pa, ^t<'-i with equal dif- 
ferences of prewture dp. ' Now 
from tlie principle of continuity, 
as the whole figure is infinitely 

Binall, the ratio of the area of > 

one of the sniall quadrilaterals 
into which the figure is divided 
to the work done in passing 
around it is approximately the 
same for all the different quad. 
rilateralR. Therefore the area 

of the figure composed of all the complete quadrilaterals which fall 
within the given circuit has to the work done in cir<:um scribing this 
figure the same ratio, which we will call y. But the area of this 
figure is approximately the same as that of the given circuit, and the 
work done in describing this figure is approximately the same as that 
done in describing the given circuit, (eq. 5). Therefoi-e the area 
of the given circuit has to the work done or heat received in that 
circuit this ratio y, which is indcpeudent of the shape of the 
circuit. 

Now if we imagine the systems of equidifferent isometrics and 
isopiestics, which have just been spoken of, extended over the whole 
diagram, the work done in circumscribing one of the small quadri- 
laterals, so that the increase of pressure directly precedes the increase 
of volume, will have in every part of the diagram a constant value, 
viz., the product of the difterences of volume and pressure {dvXdp), 
as may easily be proved by applying equation (3) successively to its 
four sides. But the area of one of these quadrilaterals, which we 
could consider as constant within the limits of the infinitely small cir- 
cuit, may vary for different parts of the diagram, and will indicate 
proportionally the value of y, which is equal to the area divided by 
dvXdp. 

In like manner, if we imagine systems of isentropica and isother- 
malB drawn throughout the diagram for equal differences drj and dt, 
the heat received in passing around one of the email quadrilaterals, 
BO that the increase of ( shall dii-cotly preceed that of »;, will be the 
constant product di/Xdt, as may l)e proved liy equation (3), and the 
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value of y, which is equal to the area divided by the beat, will be 
indicated proportionally by the areas,* 

This quantity y, which is the ratio of the area of an infinitely small 
circuit to the work done or heat received in that circnit, and which 
we may call the scale on which work and heat are represented by 
areas, or more briefly, the scaU of -work and heat, may have a 
constant value throaghout the diagram of it may have a varying 
value. The diagram in ordinary use afibrds an example of the first 
case, as the area of a circuit is everywhere proportional to the work 
or heat There are other dia<^ramH which have the same property, 
and we may call all such diagramt ofconttant Kale. 

In any case we may consider the scale of work and heat aa known 
for every point of the diagram, so far as we are able to draw the 
isometrics and isopiestics or the iseiitropics and isothennala. If we 

* The indication of the value of y hy Bf stems of equidiflerent isometrics and isopies- 
tics, or isentropica and isothennals, is explained above, because it seems in accordanre 
irith the spirit of the graphical method, and because it avoids the eitraoooua c«nsider- 
ation of the co-ordinates. If, however, it is desired to have analfUcal exprasnons for 
the value of y based upon the relatioos between the co-ordinates of the point and Ute 
state of the body, it is easy t« deduce such eipresaions as the following, in which z 
and y are the rectangular co-ordinates, and it is suppossd that the sign of an area is 
determined in accordance with the equation A ^J'ydfX : — 

1 di) dp dp dv _ di! dt dt d^ 

y ic dy dx dy dx dy dx dy' 

where x and y are regarded as the independent variables; — or 

_dcc dy ^dy dx 

dv dp dv dp 

where v and p are the independent vaiiablss; — or 

lie dy dg dx 

^~^ 'a ~S '* ' 

where 7/ and t are the independent variables ;^r 
d't 



dv dn dv dn 
where v and ij are the independeot rarisbles. 

These and similar expressions for - may be found by dividing the value of the work 
or heal for an infinitely small circuit by the area included. This operation can be 
most conveniently performed upon a circuit oonsisting of four lines, in eadi of which 
one of the independent variables is oonstant. B. g., the last fonnuU can be mast 
ea^y found from an infinitely small circuit formed of two isometrice and two iseo- 
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writ* rfWand d II for the work and heat of an mfiniteBsimal circuit, 
and 6 A for the area included, the relatione of these quantities are 
thus expressed : — * 

dW=SIf=~8A. (7) 

y 

We may find the value of TP'and Sior a circuit of finite dimensions 
by supposing the included area A divided into areas SA infinitely 
small in all directions, for which therefore the above equation will 
hold, and taking the sum of the values of 6S or 6W for the various 
areas SA. Writing W and S" for the work and heat of the circuit 
C, and S^ for a summation or integration performed within the 
limits of this circuit, we have 

ir<'=2fc=2'c i dA. (8) 

Y 
Wo have thus an eipression for the value of the work and heat of a 
circuit involving an integration extending over an area instead of one 
extending over a line, as in equations (s) and (6). 

Similar expressions may be found for the work and the heat of a 
path which is not a circuit. For this case may he reduced to the 
preceding by the consideration that W=.0 for a path on an iso- 
metric or on the line of no pressure {eq. 2), and H=(i for a path on 
an isentropic or on the line of absolute cold. Hence the work of any 
path S is equal to that of the circuit formed of S, the isometric of 
the final state, the line of no pressure and the isometric of the initial 
state, which circuit may be represented by the notation [8, u", p", w']. 
And the heat of the same path is the same as that of the circuit [iS, tf', 
t", /?']. Therefore using W" and jff"* to denote the work and heat of 
any path S. we have 

W=^l''-"'''-^i.eA, (9) 

II'=^l'''''''-^lsA, (10) 

where as before the limits of the integration are denoted hy the ex- 

* To avoid confusion, as dWatii dBare geaerallj used uid are used elsewhere in 
this article l« denote the work and heat of an iaflnjte short path, a slight!/ different 
notation, i If and AM. is hers used to denote the work and heat of an inSnltelv stnall 
circuit So ^A is used to denote an element of area which is inflnitelj small in all 
directions, as the letter d would only implj tliat the element was infinitely small in one 
direction. So also below, the integration or aummation which extends to all the ele- 
ments written with iJ is denoted by the character H, as the character y" naturally 
refers to elements written with d. 

TatMa ComracTicuT Aoad., Vol. II. 24 Apbil, 1873, 
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preeaion occupyiog the place of an index to the sign 2.* These 
eqoAtionB evideotly include eqaation (8) ae a particular case. 

It is easy to form a material conception of these relatione If we 
imagine, for example, mass inherent in the plane of tbe diagram with 

a varying (superficial) density represented by -, then S ~6A will 

evidently denote the imisB of the part of the plane included within 
the limits of integration, this mass being taken positively or nega- 
tively according to tbe direction of the circuit. 

Thus far we have made no supposition in regard to the nature of 
the law, by which we associate tbe points of a plane with the states 
of the body, except a certain condition of continuity. Whatever law 
we may adopt, we obtain a method of representation of the thermo- 
dynamic properties of the body, in which the relationn existing 
between the functions of the state of the body are indicated by a 
net-work of tines, while the work done and the heat received by the 
body when it changes its state are represented by int^rals extend- 
ing over the elements of a line, and also by an integral extending 
over the elements of certain areas in the diagram, or, if we choose to 
introduce such a coDsideration, by the mass belonging to these area& 

Tbe different diagrams which we obtain by different laws of seso- 
ciation are all such as may be obtained from one another by a process 
of deJ'orm(Uion, and this consideration is sufficient to demonstrate 

* A word ahould be Bud in regard to the nenRe in which the above propotritioiiB 
should be understood. If bejond the limits, within which tbe relations of v, p, t, i 
and II are known and which we may call tha timite of the known field, we continue the 
iBometrics, isopiestice, Ac., in an; way we pleaae, only subject Ut the condition that the 
reUtioos of v,p,t,e and <; ahail be consisteDt with the equation de=tcbi—pdv, then in 
calculating the values of quantities W and H deterinined by the equationa d W^>dv 
and dH^ld>i for pethB or drcuita in way part of the diagram t^us extended, we mq 
use any of tbe propositions or processes given above, aa these three equatione have 
formed the on!]' basis of the reasoQing. We will thus obtiJn values of W and H, which 
will be identical with those which would be obtained by the immadiate application of 
the equations dW^^dis and dB=tdti to the path in question, and which in the case of 
any path which is entirely contained In the known field will be the true values of the 
work and heat for the change of state of tbe body which the path repieaents. We 
may thus use lines outside of the known field without attributing to them any [Aysical 
signification whstover, without considering the points in the lines as representing any 
Btatee of the body. If however, to fix our ideaa, we chooee to conceive of this part of 
the diagram ae havli^ the same phydcal interpretation as tite known field, and to 
enundate our propoeitiona in laugu^e baaed upon such a conception, the unreal!^ or 
even the Impossibility of the states represented by the linee ontaide of the known field 
cannot lead to any incorrect results in regard to paths in the known field. 
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their properties from the well-koown properties of the diagram in 
which the volume and pressure are represented by reotangular co- 
ordinates. For the relations indicated by the uet-work of ieometrics, 
isopiestics etc., are evidently not altered by deformation of the sur- 
face upOQ which they are drawn, and if we conceive of mass as belong- 
ing to the surface, the mass included within given lines will also not 
be effected by the process of deformation. If, then, the surface upon 
which the ordinary diagram is drawn has the uniform superficial den- 
sity I, so that the work and heat of a circuit, which are represented 
in this diagram by the included area, shall also be represented by 
the mass included, this latter relation will hold for any dii^ram 
formed fiH>m this by deformation of the surfooe on which it is drawn. 
The choice of the method of representation is of course to be deter- 
mined by considerations of simplicity and convenience, especially in 
regard to the drawing of the lines of equal volume, pressure, tempera- 
ture, energy and entropy, and the estimation of work and heat. There 
is an obvious advantage in the use of diagrams of constant scale, in 
which the work and heat are represented simply by areas. Sach dia- 
grams may of course be produced by an infinity of different methods, 
as there is no limit to the ways of deforming a plane figure without 
altering the magnitude of its elements. Among these methods, two 
are especially important, — the ordinary method in which the volume 
and pressnre are represented by rectilinear co-ordinates, and that in 
which the entropy and temperature are so represented. A diagram 
formed by the former method may be called, for the sake of distinc- 
tion, a isolum6^e89ure diagram,— one formed by the latter, an entropy- 
temperature diagram. That the latter as well as the former satisfies 
the condition that y^\ throughout the whole diagram, may he seen 
by reference to page 313. 

TBK BNTBOPT-TBUPERATCaB DIAORUI OOVPABBD WrTS THAT Ul OKDUf AKT USB. 

Coimderationg independent of the nature of the body in question. 

As the general equations (I ), (2), (3) are not altered by interchang- 
ing V, -p and - W with r/, t and ff respectively, it is evident that, 
BO far as these equations are concerned, there Is nothing to choose 
between a volnme-pressure and au entropy-temperature diagram. In 
the former, the work is represented by an area bounded by the path 
which represents the change of state of the body, two ordinates and 
the axis of abscissas. The same is true of the heat received in the 
latter diagram. Again, in the former diagram the heat received is 
represented by an area bounded by the path and certain lines, the 
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character of which depends upoD the nature of the body under con- 
sideration. Except in the case of an ideal body, the propertiee of 
which are deterimned by assumption, these lines are more or leea 
unknown in a part of their course, and in any case the area will gen- 
erally extend to an infinite distance. Very much the same inconven- 
iences attach themselves to the areas representing work in the entropy- 
temperature diagram.* There is, however, a consideration of a gen- 
eral character, which shows an important advantage on the aide of 
the entropy-temperature diagram. In thermodynamic problems, heat 
received at one temperature is by no means the equivalent of the 
same amount of h^at received at another temperature. For example, 
a supply of a million calories at 1S0° is a very different thing from a 
supply of a million calories at 50°. But no such distinction exists id 
regard to work. This is a result of the general law, that heat can 
only pass from a hotter to a colder body, while work can be transferred 
by mechanical means from one fluid to any other, whatever may be 

* In neither diagram do these dicumBtancea croate an; serious diScultj in the eeti- 
mation of areas repreBentiug work or heat It is always possible to divide these areas 
into two parts, of which one lb of Quite dimenBionH, and tl>e other can be calculated in 
the BimploBt manner. Thus, in the eotropj-teni' 
, A perature diagram, tho work done in a path Afi 

Bg. 2) is represented by the area included b; the 
^S p>tb AB, the isometric BC, the line of no pressure 
and the isometric DA. The line of no pressure 
and the adjacent parts of the isometricB in the 
case of an actual gas or vapor are more or less 
undetermined in the present state of our knowl- 
edge, and are likely to remain so : for an iiJeal gas 
the line of no pressure coincides with the axis of 
absciasas, and is an asj^nptote to the isometrics. 
But, be this as it may, it is not necessary to eiamina the form of the remoter parts of 
the diagram. If we draw on isopieatic MN, cutting AD and BC, the area IfNCQ, which 
represents the work done in MN, will be equal to p(i>"— cO, where p denotes the pre- 
Bure in UN, and v" and v' denote the volumes at B and A respectively (eq. 6). Heuce 
the work done in AB will be represented by ABNU+X""— t^- I" the volume- 
pressure diagram, the areas representdi^ heat may be divided by an Isothermal, and 
treated in a manner entirely analogous. 

Or, we may make use of the principle, that, for a path which b^na and ends on the 
same isodynamic, the work and lieat are equal, as appears by integration of equation 
(1). Hence, in the entropy-temperature diagram, to find the work of any path, we may 
extend it by an isometric (which will not alter its work), so that it shall begin and end 
on the same isodynamic, and then take the heat (instead of the work) of the path thus 
extended. This method was su^iested by that employed by Caztn (Th^rie <>lpmen- 
taire des Machmes i Air Chaud, p. II) and Zeimor (Moehanische Warmotlieorie, p. 80) 
In the reverse case, viz : to find the heat of a patli in tho volume-pressure diagram. 
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the pressures. Hence, in thermodynamic problems, it is generally 
Tieceseary to distinguish between tbe quantities of heat received or 
given out by the body at different temperatures, while as far as work 
is concerned, it is generally suffioient to ascertain the total amount 
performed. If, then, several heat-areas and one work-area enter into 
the problem, it is evidently more important thai the former should be 
simple in form, than that the latter should be so. Moreover, in the 
very common ca^ of a circuit, the work-area is bounded entirely by 
the path, and the form of the Isometrics and the line of no pressure 
are of no especial consequence. 

It is worthy of notice that the simplest form of a perfect thermody- 
namic engine, so often described in treatises on thermodynamics, is 



Kg. 3. 



represented in the entropy-tempera- 
tore digram by a figure of extreme 
simplicity, viz : a rectangle of which 
the sides are parallel to tbe co-ordi- 
nate axes. Thus in figure 3, the 
circuit ABCD may represent the se- 
ries of states through which tbe fluid 
is made to pass in such an engine, 
the included area representing the 
work done, while the area ABFE 
represents the heat received from the beater at the highest tempera* 
ture AE, and the area CDEP represents the heat transmitted to the 
cooler at the lowest temperature UE. 

There is another form of the perfect thermodynamic engine, viz; 
one with a perfect regenerator as defined by Hankinc {Phil. Trans, 
vol. 144, p, 140), the representation 
of which becomes peculiarly simple 
in tbe entropy-temperature diagram. 
The circuit consists of two equal 
straight lines AB and CD (fig. 4) 
parallel to the axis of abscissas, and 
two precisely similar curves of any 
form BC and AD. The included 
area ABCD represents the work 
done, and the areas ABba and CDdc' 
represent respectively the heat re- a c b ^ 

ceived from tbe heater and that transmitted to the cooler. The heat 
imi>arted by the fluid to the regenerator in passing from B to C, and 
afterward restored to the fluid in its passage from D to A, is repre- 
sented by the areas BCcb and DAjid. 



Kg. 4. 
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It \r often a matter of the first importanoe in the study of any ther- 
modynamic engine, to compare it with a perfect engine. Such a com- 
parison will obviously be much facilitated by the use of a method in 
which t)ie perfect engine is represented by each simple forms. 

The method in which the co-ordinatea represent volume and pressure 
has a certain advantage in the simple and elementary character of the 
notions upon which it is based, and its analogy with Watt's indicator 
has doubtless contributed to render it popular. On the other hand, 
a method involving the notion of entropy, the very existence of which 
depends upon the second law of thermodynamics, will doubtless seem 
to many far-fetched, and may repel beginners as obscure and difScult 
of comprehension. This inconvenience is perhaps more than countei^ 
balanced by the advantages of a method which makes the second law 
of thermodynamics so prominent, and gives it so clear and elementary 
an expressiou. The fact, that the different states of a fluid can be 
represented by the positions of a point in a plane, so that the ordi- 
nates shall represent the temperatures, and the heat received or given 
out by the fluid shall be represented by the area bounded by the line 
representing the states through which the body passes, the ordinates 
drawn through the extreme points of this hue, and the axis of abscis- 
sas, — this fact, clumsy as its expression in words may be, is one which 
presents a clear image to the eye, and which the mind can readily 
grasp and retain. It is, however, nothing more nor less than a geo- 
metrical expression of the second law of thermodynamics in it» appli- 
cation to fluids, in a form exceedingly convenient for use, and from 
which the analytical expression of the same law can, if desired, be at 
once obtained. If, then, it is more important for purposes of instruc- 
tion and the like to familiarize the learner with the second law, than 
to defer its statement as long as possible, the nse of the entropy- 
temperature diagram may serve a useful purpose in the popularizing 
of this science. 

The foregomg considerations are in the main of a general character, 
and independent of the nature of the substance to which the graphical 
method is applied. On this, however, depend the forms of the iso- 
metrics, isopiestica and isodynamics in the entropy-temperature dia- 
gram, and of the isentropics, isothermals and isodynamics in the 
volume-pressure diagram. As the convenience of a method depends 
largely upon the ease with which these lines can be drawn, and upon 
the peculiarities of the fluid which has its properties represented in 
the diagram, it is desirable to compare the methods under considera- 
tion in some of their most important applications. We will commence 
with the case of a perfect gas. 
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Com of a perfect gus. 
A perfect or ideal gas may be defined as such a gae, that for any 
constant quantity of it the product of the volume and the pressure 
varies ae the temperature, and the energy varies as the temperature, i e., 
p« T= orf, {*)• 

E = ct. (b) 

The significance of the constant a is sufficiently indicated by equation 
(a). The significance of c may be rendered more evident by differen- 
tiating equation (b) and comparing the result 

rfe — c <ft 
with the general equations (1) and (2), viz: 

dE=idH~dW, dW=pdv. 
If dv = 0,d W= 0, and dH= c dt, i. e., 

(f).=«.t 

L e., e ia the quantity of heat necessary to raise the U'mperature of the 
body one degree under the condition of constant volume. It will be 
observed, that when different quantities of the same gas are consid- 
ered, a and a both vary as the quantity, and c-^a is constant; also, 
that the value of c-r-a for different gases varies as their specific heat 
determined for equal volumes and for constant volume. 

With the aid of equations (a) and (b) we may eliminate p and t 
from the general equation (4), viz: 

de^tdij — p dv, 
which is then reduced to 

— — — ^ —^ 
£ c c V ' 

and by integration to 

log e = -^ - ^ log w.J (n) 

* In this article, all equaCioDS which are deaignated bj arable numerals nubsist for 
aaj bod; whatever (subject to the condition of utiifonn presaure and temperature), and 
those which dsBignated by small capitals subsist for an; quantity of a perfed^ gaa as 
deflned above (subject of course to the same condiCioDS). 

f A subscript letter afler a differential co-efQcient is used in this article to indicate 
the quantity which is made constant in the differentiation. 

{ If we use the letter e to denote the base of the Naperian system of logarithms 
equation (d) may also be written in the form 



This may be regarded aa the fundamental thermodynamic equation of an ideal gaii. 
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The coQBtant of integration becomes 0, if we call the entropy for 
the state of which the volume and energy are both unity. 

Any other equations which subsist between v,p, t, b and 7 may be 
derived irom the three independent equations (a), (b) and (d). If we 
eliminate e from (b) and (d), we have 

7 = log v-\-c log t-\-a log c. (k) 

Eliminating v from (a) and (k), we have 

'?=(«+«) log t - « logp + c log c + a log a. (r) 

Eliminating t from (a) and (e), we have 

ri = (a+c) logD + clogjB + clog-^. (g) 

If w is constant, equation (e) becomes 

' ri=.c log ( + Const., 
i. e., the isometrics in the entropy-temperature dii^ram are logarith- 
mic curves identical with one another in form, — a change in the value 
of V having only the effect of moving the curve parallel to the axis of 
T}. I£p is constant, equation (f) becomes 

?j = (a-\-c) log t + Const., 
so that the isopiestics in this diagram have similar properties. This 
identity in form diminishes greatly the labor of drawing any consid- 
erable number of these curves. For if a card or thin board be out in 
the form of one of them, it may be used as a pattern or ruler to draw 
all of the same system. 

The isodynamics are straight in this diagram (eq. b). 

To find the form of the isothermals and isentropica in the volume- 
pressure diagram, we may make t and n constant in equations (a) 
and (g) respectively, which will then reduce to the well-iinowD equa- 
tions of these curves: — 

po ^ Const., 
and p" v'^'*'" := Const. 

The equation of the isodynamics is of course the same as that of the 
isothermals. None of these systems of lines have that property of 
identity of form, which makes the systems of isometrics and isopies- 
tics so easy to draw in the entropy-temperature diagram. 

the last note an page 310. It will be observed, that there would be no real loss of 
generality if we shauld chooBe, as the body t« which the letters refer, such a quantity 
of the goa that one of the couetants a and c should be equal to unity. 
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Case of condentabh vapors. 

The caae of hodies which pass from the liquid to the gaseous condi- 
tion IB next to be considered. It is usual to assume of such a body, 
that when sufficiently superheated it approaches the condition of a 
perfect gas. If, then, in the entropy-temperature diagram of such a 
body we draw systems of isometrics, isopiestics and isodynamics, as if 
for a perfect gas, for proper values of the constants a and c, these will 
be af^ymptotcs to the tiMe isometrics, etc., of the vapor, and in many 
cases will not vary from them greatly in the part of the diagram which 
represents vapor unmixed with liquid, except in the vicinity of the 
line of saturation. In the volume-pressure diagram of the same body, 
the iBothermala, isentropics and isodynamics, drawn for a perfect gas 
for the same values of a and c, will have the same relations to the true 
isothermal s, etc 

In that part of any diagram which represents a mixture of vapor 
and liquid, the isopieetics and isotliermals will be identical, as the 
pressure is det-ermined by the temperature alone. In both the dia- 
grams which we are now comparing, they will be straight and parallel 
to the axis of abscissas. The form of the isometrics and isodynamics 
in the entropy-temperature diagram, or that of the isentropics and 
isodynamics in the volume-pressure diagram, will depend upon the 
nature of the fluid, and probably cannot be expressed by any simple 
equations. The following property, however, renders it easy to con- 
struct equidifferent systems of these lines, viz: any such system will 
divide any isothermal (isopiestic) into equal segments. 

It remains to consider that part of the diagram which represents 
the body when entirely in the condition of liquid. The fundamental 
characteristic of this condition of matter is that the volume is very 
nearly constant, so that variations of volume are generally entirely in- 
appreciable when represented graphically on the same scale on which 
the volume of the body in the state of vapor is represented, and both 
the variations of volume and the connected variations of the connected 
quantities may be, and generally are, neglected by the side of the 
variations of the same quantities which occur when the body passes 
to the state of vapor. 

Let us make, then, the usual assumption that v is constant, and see 
how the general equations (1), (2), (3) and (4) are thereby affected. 
We have first, 

dv = 0, 
then d W= 0, 

and dt = t dr/. 

If we add dlf = tdj/, 

Tbahs CoNNBCTiciT ArAB., VoL. II. 25 April, 1873. 
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these four equations will evidently be equivalent to the three inde- 
pendent equations (1), (2) and (3), combined with the a6Bum|>tioii 
which we have jnst made. For a liquid, then, f, instead of being a 
function of two qosntities v and 7, is a function of 1) alone, — t is aUo 
a function of 7 alone, being equal to the differential co-efficient of the 
function t ; that is, the value of one of the three quantities (, f and rj, 
ia sufficient to determine the other two. The value of w, moreover, is 
fixed without reference to the values of (, f and rj (bo long as these do 
not pass the limits of values possible for liquidity) ; while p does not 
enter into the equations, i.e., p may have any value {within certain 
limits) without affecting the values of t, e, j/ or v. If the body change 
its state, continuing always liquid, the value of Wfor such a change 
is 0, and that of // is determined by the values of any one of the 
three quantities i, f and ??, It is, therefore, the relations between (, f, 
t) and H^ for which a graphical expression ia to be sought; a method, 
therefore, in which the co-ordinates of the diagram are made equal 
to the volume and pressure, is totally inapplicable to this particu- 
lar case ; n and p are indeed the only two of the five functions of the 
state of the body, », _p, t, € and i?, which have no rt^lations either to 
each other, or to the other three, or to the quantities W and ^, to be 
expressed. • The values of v and p do not really determine the state 
of an incompressible fluid, — the values of (, £ and r/ are still left 
undetermined, so that through every point in the volume-pressure 
diagram which represents the liquid there must pass (in general) an 
infinite number of isothermals, isodynamics and isentropics. The 
character of this part of the diagram is as follows: — the states of 
liquidity are represented by the points of a line parallel to the axis of 
pressures, and the isothermals, isodynamics and isentropics, which 
cross the field of partial vaporization and meet this line, turn upward 
and follow its course.f 

In the entropy-temperature diagram the relations of t, e and tf are 
distinctly visible. The line of liquidity is a curve AB (fig. 5) deter- 
mined by the relation between C and r/. This curve is also an iso- 

• That is, V and p have no such relationa to the other quantities, as are expreasible 
by equations ; p, however, cannot be less than a certain function of t 

t All these difBoultiBB are of course removed when the differanceB of volume of the 
Uquid at different temperatures are rendered appreciable on Ihe volume-preaaure 
diagram. This can be done in vwious wajs,— among others, by choosing as the body 
to which «, etc., refer, a sutBciently large quantity ot the fluid. But, however we do it, 
we must evidently give up the poasibility of representing the body in the state of vapor 
in the same diagram without making its dimeuBioDser —— - 
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metric. Every point of it has a definite volatne, temperature, entropy 
and energy. The latter is iDdicated by tfae isodynamicB E,E,, E^E,, 
etc, which cross the region of par- 
tial vaporization and terminate in 
the line of liquidity. (They do not 
in this diagram tarn and follow the 
line.) If the body pass from one 
state to another, remaining liquid, 
as irom M to N in the figure, the 
heat received is represented as usual 
by the area MNnm. That the work 
done is nothing, is indicated by the 
fact that the line AB is an isometric. 
Only the isopiestics in this diagram 
are superposed in the line of fluidity, 
turning downward where they meet 
this line and following its course, so 
that for any point in this line the pressure is undetermined. This is, 
however, no inconvenience in the diagram, as it simply expresses the 
iact of the case, that when all the quantities v, t, e and 7 are fixed, 
the pressure is still undetermined. 

JEBUAia, ISOSTMAMIOS AMD 




There are many cases in which it is of more importance that it 
should be easy to draw the lines of equal volume, pressure, tempera- 
ture, energy and entropy, than that worlc and heat should be repre- 
sented in the simplest manner. In such eases it may be expedient to 
give up the condition that the scale (y) of work and heat shall be 
constant, when by that means it is possible to gain greater simplicity 
in the form of the lines just mentioned. 

In the case of a perfect gas, the three relations between the quanti- 
ties w, p, t, e and t) are given on page 321, equations (a), (r) and (n). 
These equations may be easily be transformed into the three 

log p + log V - log ( = log a, (h) 

log e - log ( = log 0, (1) 

;? — c log E - n log w = ; (j) 

so that the three relations between the quantities log v, log p, log t, 
log c, and r/ are expressed by linear equations, and it will be possible 
to make the five systems of lines all rectilinear in the same diagram, 
the distances of the isometrics being proportional to the difl^orencis 
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of the logarithms of the volumes, the distances of the iaopieetios being 
proportional to the differences of the logarithms of the pressures, and 
so with the isothermala and the iaodynamics, — the distances of the 
isentropios, however, bdng proportional to the differences of entropy 
simply. 

The scale of work and heat in such a diagram will vary inversely 
as the temperature. For if we Imi^iDe systetuB of isentropics and iso- 
thermals drawn throughout the diagram for equal small differences of 
entropy and temperature, the isentropics will be equidistant, but the 
distances of the isothermals will vary inversely as the temperature, 
and the small quadrilaterals Into which the diagram is divided will 
vary in the same ratio: .: y c/> I -J-f. (See page 313.) 

So for, however, the form of the diagram has not been completely 
defined. This may be done in various ways : e. g,, if x and y be the 
rectangular co-ordinates, we may make 

( a; = log r, ^, i^ = V, or i * = *«8 ^' etc. 

iy=logp; j y = log(; (y= '/; 

Or we may set the condition that the logarithms of volume, of pres- 
sure and of temperature, shall be represented in the diagram on the 
same scale. (The logarithms of enei^y 
are necessarily represented on the same 
scale as those of temperature.) This will 
require that the isometrics, isopiestics and 
isothermals cut one another at angles of 
60". 

The general character of all theee dia- 
grams, which may be derived from one' 
another by ])rojection by parallel lines, 
may be illustrated by the case in which 
X = log V, and y =: log j>. 

Through any point A (fig. 6) of such a 

\f diagram let there be drawn the isometric 

vv', the isopiestic pp", the isothermal tt' 

^ and the isentropic r/r/'. The lines pp' and 

■' are of course parallel to the axes. Also by equation (h) 
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Therefore, if we draw another isometric, cutting f/r/', tt', and pp' in 
B, C and D, 

?5— ^±£ ?£. — ^ CD _ c 
CD ~ c ' CD ~ c' BC ~ «■ 
Hence, in the diagrams of different gases, CD ~- BC will be propor- 
tional to the specific heat detennined for equal volumes and for con- 
stant volume. 

Aa the specific heat, thus determined, has probably the same value 
for most simple gaaee, the ieentropics will have the same inclination in 
diagrams of this kind for most simple gases. This inclination may 
easily be found by a method which is independent of any units of 
measurement, for 

L e., BD -^ CD is equal to the quotient of the co-eflBcient of elasticity 
under the condition of no transmission of heat, divided by the co- 
efficient of elasticity at constant temperature. This quotient for a 
simple gas is generally given as 1.408 or 1.421. As CA-~-CD:= 
s/'i =: 1.414, BD is very nearly equal to CA (for simple gases), which 
relation it may be convenient to use in the construction of the diagram. 

In regard to compound gases the rule seems to be, that the specific 
heat (determined for equal volumes and for constant volume) is to the 
specific heat of a simple gas inversely as the volume of the compound 
is to the volume of its constituents (in the condition of gas) ; that is, 
the value of BC-^CD for a compound gas is to the value of BC-^CD 
for a simple gas, as the volume of the compound is to the volume of 
its constituents. Therefore, if we compare the diagrams (formed by 
this method) for a simple and a compound gas, the distance DA and 
therefore CD being the same in each, BC in the diagram of the com- 
pound gas will be to BC in the diagram of the simple gas, as the 
volume of the compound is to the volume of its constituents. 

Although the inclination of the isentropics is independent of the 
quantity of gas under consideration, the rate of increase of t} will vary 
with this quantity. In regard to the rate of increase of t, it is evident 
that if the whole diagram be divided into squares by isopiestics and 
isometrics drawn at eqnal distances, and isothermals be drawn as 
diagonals to these squares, the volumes of the isometrics, the pressures 
of the isopiestics and the temperatures of the isothermala will each 
form a geometrical series, and in all these series the ratio of two con- 
tiguous term)' will be the same. 
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The properties of the diagrams obtained by the other methods men- 
tioDcd on page 326 do nut differ esaentiall j from those just described. 
For example, in any such diagram, if through any point ve draw an 
isentropic, an isothermal and an isopientic, which cut any isometric 
not passing through the same point, the ratio of the segments of the 
isometric will have the value which has been found for BC : CD. 

In treating the case of vapors also, it may be convenient to use 
diagrams in which x = log v and y =: tog p, or in which a; = i? and 
y = log t ; but the dii^rams formed by these methods will evidently 
be radically different from one another. It is to be observed that each 
of these methods is what may be called a method of d^nite tcaie for 
work and heat ; that is, the value of y in any part of the diagram is 
independent of the properties of the fluid considered. In the first 



method y = 



^*y' 



a the second y = 



In this respect these methods 



have an advantage over many others. For example, if we should 
make x = log v,y=.r}, the value of y in any part of the diagram 
would depend upon the properties of the fluid, and would probably 
not vary in any case, except that of a perfect gas, according to any 
simple law. 

The conveniences of the entropy-temperatnre method will be fomid 
to belong in nearly the same degree to the method in which the co- 
ordinates are equal to the entropy and the logarithm of the tempera- 
ture. No serious difBculty attaches to the estimation of heat and 
work in a diagram formed on the latter method on account of the 
vaiiatiou of the scale on which they are represented, as this variation 
follows so simple a law. It may often be of use to remember that 
such a diagram may be reduced to an entropy- 
temperature diagram by a vertical compression 
or extension, such that the distances of the iso- 
thermals shall be made proportional to their 
differences of temperature. Thus if we wish 
to estimate the work or heat of the circuit 
ABCD (fig. 7), we may draw a number of equi- 
distant ordinates (isentropics) as if to estimate 
the included area, and for each of the ordinates 
^ take the differences of temperature of the points 

where it cnts the circuit; these differences of temperature will be 
eqnal to the lengths of the segments made by the corresponding 
circuit in the entropy-temperature diagram upon a corresponding 
system of equidistant ordinates, and may be used to calculate the 
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area of the circuit in the ontropy -temperature diagram, i e., to linii 
the work or heat rwquired. We may tind the work of any patli by 
applying the same procesa to the circuit formed by the path, the iso- 
metric of the final state, tlie line of no pressure (or any isopieBtie ; see 
note on page 3 18), and the igomctiic of the initial state. And we may 
find the heat of any path by applying the same procesB to a circuit 
formed by the path, the ordinates of the extreme points and the line 
of absolute cold. That this line is at an infinite distance occaniooB no 
difficulty. The lengths of the ordinates in the entropy-temperature 
diagram which we desire are given by the temperature of points in 
the path determined (in either diagram) by equidistant ordinates. 

The properties of the part of the entropy-temperature diagram rep- 
resenting a mixture of vapor and liquid, which are given on page 323, 
will evidently not be altered if the ordinates are made proportional to 
the logarithms of the temperatures instead of the temperatures simply. 

The representation of specific heat in the diagram under discussion 
is peculiarly simple. The specific heat of any snbstance at constant 
volume or under constant pressure may be defined as the value of 

for a certain quantity of the substance. Therefore, if we draw a dia- 
gram, in which a; = ;? and y = log (, for that quantity of the substance 
which is used for the determination of the specific heat, the tangents 
of the angles made by the isometrics and the isopiestics with the 
ordinates in the diagram will be equal to the specific heat of the 
substance determined for constant volume and for constant pressure 
respectively. Sometimes, instead of the condition of constant volume 
or constant pressure, some other condition is used in the determination 
of specific heat. In all cases, the condition will be represented by a 
line in the diagram, and the tangent of the angle made by this line 
with an ordinate will be equal to the specific heat as thus defined. If 
the diagram be drawn for any other quantity of the substance, the 
specific heat for constant volume or consiant pressure, or for any other 
condition, will be equal to the tangent of the proper angle in the 
diagram, multiplied by the ratio of the quantity of the substance for 
which the specific heat is determined to the quantity for which the 
diagram is drawn,* 

* From this geoeral proper^ of the diagram, ita character in the case of a perfect 
gas might be umnediately deduced. 
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TBB TOLCKB-BNTBOFT DUSRUI. 

The method of representation, in which the co-ordinates of the point 
in the diagram are made equal to the volume and entropy of the 
body, presents certain characteristics which entitle it to a somewhat 
detailed consideration, and for some purposes give it substantial 
advantages over any other method. We might anticipate some of 
these advantages from the simple and symmetical form of the general 
equations of thermodynamics, when volume and entropy are chosen 
as independent variables, viz: — * 

dB 
P=-dii' 

'=^ 

dW=p<iv, 

dH = tdri. 

Eliminating p and t we liaye also 

ifTr=-^<to, (13) 

dv ^ ' 

dM = ~d,,. (H) 

The geometrical relatione corresponding to these equations are in 
the volume-entropy diagram extremely simple. To fix our ideae, let 
the axes of volume and entropy be horizontal and veitical respec- 
tively, volnme increasing toward the right and entropy upward. 
Then the pressure taken negatively will equal the ratio of the differ- 
ence of energy to the difference of volume of two adjacent points in 
the same horizontal line, and the temperature will equal the ratio of 
the difference of energy to the difference of entropy of two adjacent 
points in the same vertical line. Or, if a aeries of isodynamics be 
drawn for equal infinitesaimal differences of energy, any series of hori- 
zontal lines will be divided into segments inversely proportional to 
the pressure, and any series of vertical lines into segments inversely 
proportional to the temperature. We see by equations (13) and (14), 
that for a motion parallel to the axis of volume, the heat received is 
0, and the work done is equal to the decrease of the energy, while for 

• See page 310, equatione (2), (3) and (4). 

In general, in tbia article, where difierentiol co^ffldents are used, the quantity vhidi 
ia conatant in the differentiation ia indicated bj a aubacript letter. In this diacuasion 
of the volume-entropy diagram, however, v aod ^ are uniformly regarded aa the inde 
pendent variableB, and the aubseript letter ia omitted. 
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a motion parallel to the axis of entropy, the work done ie 0, and the 
heat received is equal to the increase of the energy. These two 
propositionB are true either for eleraentary paths or for those of finite 
length. In general, the work for any element of a path is equal to 
the product of the pressure in that part of the diagram into the hori- 
zontal projection of the element of the path, and the heat received is 
equal to the product of the temperature into the vertical projection 
of the element of the path. 

If we wish to estimate the value of the integrals fpdv and /tdrj, 
which represent the work and heat of any path, by means of measure- 
ments Dpon the diagram, or if we wish to appreciate readily by the 
eye the approximate value of these expressions, or if we merely wish 
to illustrate their meaning by means of the dit^ram ; for any of these 
pmposcB the diagram which we are now considering will have the 
advantage that it represents the differentials dv and drj more simply 
and clearly than any other. 

Bat we may also estimate the work and heat of any path by means 
of an integration extending over the elements of an area, vix: by the 
formuloe of page 315, 

Y 
In regard to the limits of integration in these formalfe, we see that for 
the work of any path which is not a oireuit, the bounding line is com- 
posed of the path, the line of no pressure and two vertical lines, and 
for the heat of the path, the bounding line is composed of the path, 
the line of absolatc cold and two horizontal lines. 

As the sign of y, as well as that of SA, will be indeterminate until 
we decide in which direction an area must be circumscribed in order 
to be considered positive, we will call an area positive which is cir- 
cumscribed in the direction in which the hands of a watch move. 
This choice, with the positions of the axes of volume and entropy 
which we have supposed, will make the value of y in most cases posi- 
tive, as we shall see hereafter. 

The value of y, in a diagram drawn according to this method, will 
depend upon the properties of the body for which the diagram is 
drawn. In this respect, this method difiera &om all the others which 

TaAH& COHHBOTICtIT ACAD., VoL. IT. 26 Apbil, 1S73 
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have been dkcuBSed in detail in this article. It is eaa^ to find an 

eiprOBBion for y dependiog simply upon the variationa of the energy, 

by comparing the area and the work or 

q heat of an infinitely small circuit in the 

form of a rectangle having its sides 

parallel to the two axes. 

Let N , NaNjN, (fig. 8) be such a cir- 
cuit, and let it be described in the order 

' I 1 ' of the numerals, so that the area is poei- 

1 i , tive. Also let *„ £,, fj, e^ represent 

* * the energy at the four comers. The 

work done in the four sides in order 

commencing at N,,will be £, — f^iO, 

fj — (j, 0. The total work, therefore, 

V for the rectangular circuit is 

Now as the rectangle is infinitely small, if we call its sides dv and dt}, 
the above expression will be equivalent to 
d'£ j^^ 
dv dtf 
Dividing by the area dv dr/, and writing ^„ ^ for the scale of work and 
heat in a diagram of thia kind, we have 

L '^'g _^P _ _'^ 

Y dv dt/ dr/ do' 

The two last expressions for the value of I-t-Kd, q indicate that the 
value of y„ „ in different parts of the digram will be indicated pro- 
portionally by the segments into which vertical lines are divided by a 
system of equidifferent isopiestics, and also by the segments into 
which horizontal lines are divided by a system of eqnididerent iso- 
thermals. These results might also be derived directly fh)m the 
propositions on page 313. 

As, in almost all cases, the pressure of a body is increased when it 

receives heat without change of volume, ~- is in general positive, and 
the same will be true of y„ ^ under the assumptions which we have 
made in regard to the directions of the axes (page 330) and the defini- 
tion of a positive area (page 331). 

In the estimation of work and heat it may often be of use to con- 
sider the deformation necessary to reduce the diagram to one of 
constant scale for work and heat- Now if the diagram be so deformed, 
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that each point remaiDS in the same vertical line, but moves in thk 
line BO that all isopiestics become straight and horizontal lines, at 
diatancee proportional to their differences of pressure, it will evidently 
become a volume-presBure diagram. Again, if the diagram be so 
deformed that each point remains in the same horizontal line, but 
moves in it so that isothermals becomes straight and vertical lines at 
distances proportional to their differences of temperature, it will 
become a entropy-temperature diagram. These considerations will 
enable as to compute numerically the work or heat of any path which 
is given in a volume-entropy diagram, when the pressure and tempera- 
ture are known for all points of the path, in a manner analogous to 
that expl^ned on page 328. 

The ratio of any element of area in the volume-pressure or the 
entropy-temperature diagram, or in any other in which the scale of 
work and heat is unity, to the corresponding element in the volume- 

1 cPe 

entropy digram is represented by — or — -j -r-. The cases in 

which this ratio is 0, or changes its sign, demand especial attention, 
as in such cases the diagrams of constant scale fail to give a satisfac- 
tory representation of the properties of the body, while no difficulty 
or inconvenience arises in the use of the volume-entropy diagram. 

As — -J — =- =: -^, its value is evidently zero in that part of the 
ao dr/ djj "^ '^ 

diagram which represents the body when in part solid, in part liqnid, 

and in part vapor. The pn>pertieB of mo 

such a mixture are very simply and 

clearly exhibited in the volume-entropy 

di^^m. 

Let the temperature and the pressure 

of the mixture, which are Independent 

of the proportions of vapor, solid and 

liquid, be denoted by (' and p'. Also 

let V, L and S (fig. 9) be points of the 

diagram which indicate the volume and 

entropy of the body in three perfectly 

defined stat«s, viz : that of a vapor of temperature *" and pressure p', 

that of a liquid of the same temperature and pressure, and that of a 

solid of the same temperature and pressure. And let v^, rjy, Vi, tji^ 

"£) Vb denote the volume and entropy of these states. The position 

of the point which represents the body, when part is vapor, part 

liquid, and part solid, these parts being as fi, r, and l — fi—v, is 

determined by the equations 
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V= fiVr+ yv,,+ (l - fi - r) Va, 

where v and Tf are the volume and entropy of the mixture. The 
truth of the first equation is evident. The second may be written 

f - Is = ft (T/y ~ T/s) + V (vl - Va), 

or multiplying by t', 

^ i.V - V8) = f* t' (*}v -Va) + y t' {Vl ~ la)- 
The first member of thiB equation denotes the heat necesBary to bring 
the body from the state S to the state of the mixture in question 
under the constant temperature f, while the terms of the second 
member denote separately the heat necessary to vaporize the part ft, 
and to liquefy the part v of the body. 

The values of v and ij are such as would give the center of gravity 
of masses ^, v and l — fi-v placed at the points V, L and 8.* 
Hence the part of the diagram which represents a mixture of vapor, 
liquid and solid, is the triangle VLS. The pressure and temperature 
are constant for this triangle, i. e., an isopiestic and also an isothermal 
here expand to cover a space. The isodynamics are str^ht and 

equidistant for equal differences of energy. For -r- = — p', and 
-3— =: l', both of which are constant throughout the triangle. 

This case can be but very imperfectly represented in the volnme- 
pressure, or in the entropy-temperature diagram. For all points in 
the same vertical line in the triangle VLS will, in the volume- 
pressure diagram, be represented by a single point, as having the 
same volume and pressure. And all the points in the same horizontal 
line will be represented in the entropy- temperature diagram by a 
single point, as having the same entropy and temperature. In either 
diagram, the whole triangle reduces to a straight line. It must 
reduce to a line in any diagram whatever of constant scale, as its area 
must become in such a diagram. This must be regarded as a defect 
in these diagrams, as essentially different states are represented by 
the same point. In consequence, any circuit within the triangle 

* These pointa will not be in the same straight hne imlesB 

^ (7r- ffa) -t' (Vl- 7a) :: "f — «■«: «l - "a 
B. condition very unlikely to be fulfilled by any eubetancc. The drat and eeoond tenns 
of tbiB proportion denote the tieat of vaporization (from the solid state) and that of 
liquefaction. 
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VLS will be represented in any diagnun of constant scaie by two 
paths of opposite directions superposed, the appearanoe being as if a 
body sbonld change its state and then return to its original state by 
inverse processes, so as to repass through the same Beriee of states. 
It is true that the oircoit in question is like this combination of pro- 
cesses in one important particular, viz : that W=: ff:=0, ie., there 
is no transformation of heat into work. But this very fact, that a 
circuit without transformation of heat into work is possible, is worthy 
of distinct representation. 

A body may have sncb properties that in one part of the volume- 
entropy diagram — , L e., ^ is positive and in another negative. 
These parts of the diagram may be separated by a line, in which 



dt} ~ 

n^ative value.* (In part, also, they may be separated by an area in 

which -^ ^ 0.) In the representation of such cases in any diagram 

of constant scale, we meet with Kg- 10. 

a difficulty of the following na- 
ture. 

Let us suppose that on the 
right of the line LL (fig. 10) in 



I volume-entropy diagram. 



dt/ 



is positive, and on the left nega- 
tive. Then, if we draw any cir- 
cuit ABCD on the right side of 
LL, the direction being that of 
the hands of a watch, the work 
and heat of the circuit vrill be 
positive. But if we draw any 
circuit EFGH in the same direc- 
tion on the other side of the line 
LL, the work and heat will be negative. For 

W= S= S -^ SA = 2^ 




* The line which represents (he various statM of water at its maxImtUD denai^ for 
various constant preesures ia an example ol the first caae. A. Hobatanoe which as a 
liquid hM no proper maximum deiisit]' for constant pressure, but which eximods in 
solidi^Dg, affords an example of tilie second case. 
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and the direction of the cironitH makes the areas positive in both 
eases. Now if we should change this digram into any diagram of 
constant scale, the areas of the circuits, as representing proportionally 
the work done in each case, must necessarily have opptaite signs, 
I e., the direction of the circnils must be oppodte. We wiil suppose 
that the work done is poeitive in the diagram of constant scale, when 
the direction of the circuit is that of the hands of a watch. Then, in 
that diagram, the circuit ABCD would have 
„ I. *''** direction, and the circuit EFGH the 

contrary direction, as in figure 11. Now if 
we imagine an indefinite number of circuits 
on each side of LL in the volume^ntropy 
diagram, it will be evident that to transform 
such a diagram into one of constant scale, 
so as to change the direction of all the cir- 
cuits on one side of LL, and of none on the 
other, the diagram must be /olded over 
along that tine ; so that the points on one 
side of LL in a diagram of constant scale do 
not represent any states of the body, while 

on the other side of this line, each point, for 

^ a certain distance at least, represents two 
different states of the body, which in the volume-entropy diagram are 
represented by points on opposite sides of the line LL. We have thus 
in a part of the field two digrams superposed, which must be care- 
fully distinguished. If this be done, as by the help of difierent colors, 
or of continuous and dotted lines, or otherwise, and it is remembered 
that there is no continuity between these superposed diagrams, except 
along the bounding tine LL, all the general theorems which have been 
developed in this article can be readily applied to the diagram. But 
to the eye or to the im^ination, the figure will necessarily be much 
more confusing than a volume-entropy diagram. 



the use of any diagram of constant scale, viz: in the vicinity of the 



will be very greatly reduced in the diagram of constant scale, as com- 
pared with the corresponding areas in the volume-entropy diagram. 
Therefore, in the former diagram, either the isometrics, or the isen- 
tropics, or both, will be crowded together in the vicinity of the line 
LL, so that this part of the diagram will be necessarily indistinct. 
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It may occur, however, in the volume-entropy diagram, that the 
Bame poiut must represent two different states of the body. This 
occurs in the case of liquids which can be va- 
porized. Let MM (fig, 12) be the lino repre- 
senting the states of the liquid bordering upon 
vaporiiation. This line will be near to the 
axis of entropy, and nearly parallel to it. If 
the body is in a state represented by a point 
of the line MM, and is compressed without ad- 
dition or subtraction of heat, it will remain of 
course liquid. Hence, the points of the space 
immediately on the left of MM represent sim- 
ple liquid. On the other hand, the body being 
in the original state, if its volume should be 
increased without addition or subtraction of 
heat, and if the conditions necessary for vapor- 
ization are present {conditions relative to the ^ 
body enclosing the liquid in question, etc), the liquid will become 
partially vaporized, but if these conditions are not present, it will con- 
tinue liquid. Hence, every point on the right of MM and snfBciently 
near to it represents two different states of the body, in one of which 
it is partially vaporized, and in the other it is entirely liquid. If we 
take the points as representing the mixture of vapor and liquid, they 
form one diagram, and if we take them as representing simple liquid, 
they form a totally different dif^ram superposed on the first. There 
is evidently no continuity between these diagrams except at the line 
MM; we may regard them as upon separate sheets united only along 
MM. For the body cannot pass from the state of partial vaporization 
to the state of liquid except at this line. The reverse process is indeed 
possible ; the body can pass from the state of superheated liqiud to 
that of partial vaporization, if the conditions of vaporization alluded 
to above are supplied, or if the increase of volume is carried beyond 
a cerUin limit, but not by gradual changes or reversible processes. 
After such a change, the point representing the state of the body will 
be found in a different position from that which it occupied before, 
but the change of state cannot be properly represented by any path, 
as during the change the body does not satisfy that condition of uni- 
form temperature and pressure which has been assumed throughout 
this article, and which is necessary for the gi-aphical methods under 
discussion. (See note on p^e 309.) 

Of the two superposed diagrams, that which represents simple 
liquid is a continuation of the diagram on the left of MM. The iso- 
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piestics, iaothennala and isodynamics pass from one to the other 
without abmpt change of direction or cnrvatarc But that which 
represents a mixture of vapor and liquid will be different in Its char- 
acter, and its isopieetics and tBothennsls will make angles in general 
with the corresponding lines in the dii^pram of simple liquid. The 
isodynamics of the di^^ram of the mixture, and those of the digram 
of simple liquid, will differ in general in curvature at the line MM, but 

not in direction, for -z- r= — » and -i- = t 
' dv ^ arf 

The oase is essentially the same with some substances, as water, for 
example, about the line which separates the simple liquid &om a mix- 
ture of liquid and solid. 

In these cases the inconvenience of having one diagram superposed 
upon another cannot be obviated by any change of the principle on 
which the diagram is based. For no distortion can bring the three 
sheets, which are united along the line MM (one on the left and two 
on the right), into a single plane surface without superposition. Such 
cases, therefore, are radically distinguished from those in which the 
superposition is caused by an unsuitable method of representation. 

To find the character of a volume-entropy diagram of a perfect gas, 
we may make f constant in equation (d) on p^e 321, which will give 
for the equation of anisodynamic and isothermal 

t}=:a log V -^ Const., 
and we may make p constant in equation (g), which will give for the 
equation of an isopiestic 

7 = (a -(- c) log V + Const. 
It will be observed that all the isodynamics and isothermals can be 
drawn by a single pattern and so also with the isopiesticB. 

The case will be nearly the same with vapors in a part of the dia- 
granL In that part of the diagram which represents a mixture of 
liquid and vapor, the isothermals, which of coarse are identical with 
the isopiesticB, are straight lines. For when a body is vaporized 
under constant pressure and t«mperature, the quantities of beat re- 
ceived are proportional to the increments of volume; therefore, the 
increments of entropy are proportional to the increments of volume. 

As ^r- = — P and -r- = *. any isothermal is cut at the same angle by 
dv ^ d>i ' ■' 

all the isodynamics, and is divided into equal segments by equidiffer- 

ent isodynamics. The latter property is useful in drawing systems of 

equidifferent isodynamics. 
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AKBAnauoKT or THB isoinnuo, tsopiBmo, tsoTBBBiMi. iHD iBBMTBOPic 

ABOUT A FDDIT. 

The arrangement of the isometric, the iBopiestio, the bothermal aud 
the isentropio drawn through any same point, in respect to the order 
in which they succeed one another around that point, and in respect 
to the sidee of these tines toward which the volume, pressure, tem- 
perature and entropy increase, is not altered by any deformation of 
the sur^e on which the diagram is drawn, and is therefore indepen- 
dent of the method by which the diagram is formed.* This arrange- 
ment is determined by ceitain of the most characteristic thermody- 
namic properties of the body in the state in question, and serves in 
turn to indicate these properties. It is determined, namely, by the 

value of I -~ 1 as positive, negative, or zero, i e., by the eSect of heat 

as increasing or diminishing the pressure when the volume is main- 
tained constant, and by the nature of the<intemal thermodynamic 
equilibrium of the body as stable or nentral, — an unstable equilib- 
rium, except as a matter of speculation, In of coarse out of the 
question. 

Let us first examine the case in which (^) is positive and the 

eqailibrium is stable. As (-t-| does not vanish at the point in ques- 
tion, there is a definite isopiestic passing through that point, on one 
side of which the pressures are greater, and on the other less, than on 

the line itself As l-j-) =i — (-=— J , the case b the same with the 

isothermal. It will be convenient to distinguish the sides of the iso- 
metric, isopiestic, etc., on which the volume, pressure, etc., increase, 
ns the positive sides of these lines. The condition of stability requires 
that, when the pressure is constant, the temperature shall increase 
with the heat received, — therefore with the entropy. This may 
be written [(ft: rf7]_>0.t It also requires that, when there is no 

* It ia bere Msumad that, in the Ticini^ of the point in questioii, each point Id the 
diagram repreaeDts onl; one state ot tiie bodj. The proporitiong developed in the fol- 
lowing pages cannot be appUed to points of the line where two superposed diagrams 
we niulsd (see pages 33&-338) without certain modlQcations. 
dt 

f As the notation ^ is used to denote the limit of the ratio of 4f to A), it would not 

be quite accurate to e&j that the condition of stability requires that \^J > 0. This 
Teass. CoHKBcncoT Acad., Vot. n. 27 May, 1873. 
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tranBmiBsion of heat, the pressure should iacrease ae the Tolnme di- 
minishes, L e., that [t^ : <'"] ^ < 0. Through the point \a question, 
A (fig. 13), let there be drawn the isomelric vv' and the iseotropic 
tfT}', and let the positive sides of these lines be indicated as in the 
figure. The conditions 1^1 > and [(^ : rfu] , < re<jaire that the 
pressure at v and at rj shall be greater than at A, and hence, that the 
isopiestic shall fall as pp' in the 
figure, and have its positive side 
turned as indicated. Again, the 
conditions 




(s?),<°""'[*-''''i''>° 



(ll> 



require that the temperature at 
tj and at p shall be greater than 
at A, and hence, that the iso- 
thermal shall fall as tt' and have 
its positive side turned as indi- 
cated. As it is not necessary that 
0, the lines pp' and tt' may be tangent to one anotiier at A, 

provided that they croas one another, so as to have the same order 
about the point A as is represented in the figure ; i. e., they may have 
a contact of the second (or any even) order.* But the condition that 

(rf^l ^*'> *''*^ hence 1;^) <C0, does not allow pp'to be tangent to 

vv', nor tt' to Tpj'. 

If 1^1 be still positive, but the equilibrium be neutral, it will be 

possible for the body to change its state without change either of 
temperature or of pressure ; i. e., the isothermal and iBopiestic will be 

condition requires tii»t the ratio of the diffeTences of temperature and eattopj between 
the point in quoBtion and any other infinitely near to it and upon the same isopieatio 
abould be poBitive. It ie not neceaaary that the limit of this ratio should be positive. 

* An example of this is doubtless to be found at the critical point of a fluid. See 
Dr. Andrews " On the continuity of the gaeeoua and liquid states of matter." PhiL 
Trans., vol. 169, p. GT5. 

If the iaothennal and isopiestic have a simple tangenc; at A, on one aide of tliat 
point they will have such directions as will express an unstable equilibrium. A line 
drawn throu^ all such points m the diagram will form a boundary to the poasibh part 
of the diagram. It may be Hurt the part of the diagram of a fluid, whidi re{neeent8 
the superheated liquid state, is bounded on one side by such a line. 
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identical. The linee will fall as in fignre 13, except that the iso- 
thermal and ieopieBtic will he Euperposed. 

' — I <[0,itin8yhe proved that the lines will 

fall as in figure 14 for stable equilibrium, and in the eame way for 
neutral equilibrium, except that pp' and tt' will be superposed.* 

The case that 1^1 =0 includes a 
\drtU 
considerable number of conceivable 
cases, which would require to be dis- 
tinguished. It will be sufficient to men- 
tion those moat likely to occur. 

In a field of stable equilibrium it may 

occur that '-— 

one side of which , , , ^ -, 

V 

other side (^) < 0. At any point in such aline the isopiestics will 

he tangent to the isometrica and the isothennals to the isentropics. 
(See, however, note on page ;t3Q.) 

In a field of neutral equilibrium representing a mixture of two 
ditfereat states of the substance, where the isothennals and isopiestics 
are identical, a line may occur which has the threefold character of 
an isometric, an isothermal and an isopiestic. For such a line 

1^1 ^0. If (-^) has opposite signs on opposite sides of this 

line, it will be an isothermal of maximum or minimum temperatnre.f 

The case in which the body is partly solid, partly liquid and 

partly vapor has already been sufficiently discussed. (See page 333), 

* When it is B^d that the airangement of the lioee in the diagram mast be like that 
in Sgure 13 or in figure 14, it ia not meant to exclude the case in which the figure (13 
or 14) must be turned over, in order M con-espond with the diagraiD. In the case, 
tiowover, of diagnuns formed bf any of the methodB mentioned in thia article, if Qie 
directions of the axes be such as we hai» assunted, the agreement with figure 13 will 
be tnlAoul imierrion, and the agreement with figure 14 will alao be mthetU tntwvum for 
volume-entropy diagrama, but wUh mvertion for volume-preBSure or eatropy-lcmpera. 
ture diorama, or those in which x = log v and y = 1<^ p, or x= ^ and y = log I. 

f As some Uquids expand and others contract in solidifying, it ia possible that there 
are some which will solidify either with expansion, or without change of volume, or 
with contraction, according to the pressure. If any such there are, they afford eiam- 
ples of the case mentioned aljove. 
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The aTTangement of the iaometric, isopiestic, etc., a« given in figure 
13, will indicate directly the sign of any differential co-efficient of the 

form (;jr-) I where u, w and z may be any of the qnantities v,p, t, t/ 

(and f, if the isodynamic be added in the figure). The valne of such 
a differential co-efficient will be indicated, when the rates of increase 
of V, p, etc., are indicated, as by isometrics, etc., drawn both for 
the values of o, etc., at the point A, and for values differing from these 

by a small quantity. For example, the value of (^) will be indi- 
cated by the ratio of the segments intercepted upon an isentropic by 
a pair of isometrics and a pair of isopieetics, of which the differences 
of volume and pressure have the same numerical value. The case in 
which W or ff appears in the numerator or denominator instead of a 
function of the state of the body, can be reduced to the preceding by 
the substitution of pdv forr^TF, or that oitdrf for dH. 

In the foregoing discussiou, the equations which express the iimda- 
mental priuciples of thermodynamics in an analytical form have been 
assumed, and the aim has only been to show how the same relations 
may be expressed geometrically. It would, however, be easy, starting 
from the first and second laws of tbermodynaraicB as usually enonciated, 
to arrive at the same results without the aid of analytical formulie, — to 
arrive, for example, at the conception of energy, of entropy, of abso. 
lute temperature, in the construction of the diagram without the ana- 
lytical definitions of these quantities, and to obtain the various prop- 
erties of the diagram without the analytical expression of the thermo- 
dynamic properties which they involve. Such a course would have 
been better fitted to show the independence and sufficiency of a graphi- 
cal method, hut perhaps less suitable for an examination of the com- 
parative advantages or disadvantages of different graphical methods. 

The possibility of treating the thermodynamics of fluids by such 
graphical methods as have been described evidently arises from the 
fact that the state of the body considered, like the position of a point 
in a plane, is capable of twa and only two independent variations. 
It is, perhaps, worthy of notice, that when the diagram is only used 
to demonstrate or illustrate general theorems, it ia not necessary, 
although it may be convenient, to assume any particular method of 
forming the digram ; it is enough to suppose the different States of 
the body to be represented continuously by points upon a sheet. 
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Xll* List of Marine Aloa coixbcted nbab Eastport, Maine, 

IS AnOUST AND SbPTKHBBR, IB73, IN CONNECTION WITH THE WORK 
OP THE tr. S. FI8H COHUISSION rNDEB PeOF, S. F. BaIRD.* Bt 

I>ANiBL C. Eaton. 



1. Fuous vesioulosus, L. 
s- Fncus Qodosns, l. 

Both these epecies were very abundant on the rocks and wharves 
everywhere, between tide-marks. No ^cu» terra^ts was foand, 
though diligently sought lor. It was found many years ago at New- 
bnrjrport, Mass., by Capt. Rke (see Harvey's Nereis Bor. Am,, III, 
p. 122), and has recently been sent from Pictou harbor. Nova Scotia, 
by Jteo. J. & Fowler. 

3- Desmaxeatia Tiridis, Luuoutoui. 

Abundant on the wharves at Eastport, just below low- water-mark, 
and seen also at Dog Island. 

4- Desmarestla. aculeata, i^mour. 

Even more common than the last, principally the aculeate form. 
The pencilled form, however, was found by Mr. Prudden. 

5- Alalia ssculenta, Grev. 

Very abundant on rocks just below low -water-mark at Dog Island, 
and probably equally common in most similar places. — The shape of 
the pinnie is varible, even on the same plant. One large specimen 
has obovate pinnee five inches long and three broad, as those of ^. 
Pylaii should he, but the base of the frond, so far from being cuneate 
and decurrent, is broad and rounded. 
6, Lannlnaria dertnatodea, De I* PjImb- 

Dog Island, uncovered at extreme low-water. One specimen was 
brought up by the dredge off Carapohello Island in twenty-five 

* I wu at Eastport Aug. 13-17, coUectiD^ moet of the lime. Ur. T. U. Pradden 
Bud Mr. John B. iBham collected man; epecimeoB, both before and after mj TJaii 
ProtesBor and Mra. Verrill made large (nItectioDB after I naa at Eas^rt, and Dr. 
Edward Palmer collected a few apedea on Grand Menan. All these coUectlons were 
placed ID my haadB for studir. D. C. B. 
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&thomfi of water. As the stem was freshly cut, and the frond not 
water-worn, the plant most have grown at this great depth, 

'■ Lianiitiairia longicrurisi i*« i^ pyiaie. 

Common, but none were seen at Eastport of very great sine. Grand 
Menan, 20 feet long, IVqf, VerrUl, A stnall but well characterized 
specimen waa found by me in November, 1872, at Old Lyme, Con- 
necticut : I believe it had not before been observed eontfa of Cape 
Cod. 
8- Lajnlnaiia BaooliariuB., lAmoumuz. 

Common with the last, at and below low- water-mark. Among the 
specimens is one with a third lamina, or half-frond, somewhat nar- 
rower than the others, but running the whole length of the frond. 
Near the edge of one of the broadest wings are slight indications of a 
fourth wing. This explains the little known L. trilaminata of Mr. 
Olney, and shows it to be only a case of accidental dednplication or 
transverse choriais. The specimen is about two feet long ttnd six 
inches wide at the base, the stem slender and scarcely two inches long. 

9. AganUB. Tumeri, Postells and Rnprecht 

Abundant, growing with the common Laminarias, also dredged at 
20-25 fathoms by Prof. Verriil 

10. Chorda Filum, Staokhouee. 

Common in Eastport harbor, from one to many feet below low- 
water-mark. 
11- Chorda lomentaria, Lyngbye. 

Abundant about the piers and wharves of the town, and at Dog 
Island, etc, mostly uncovered at low water. Some of the fronds are 
two or three feet long, half an inch in diameter, and often very much 
spirally twisted. 
13' Chordarla flagelllformis, Agwdta. 

Very common in tide-pools and between tide-marks, assuming a 
great variety of forms. Var. minor, Agardh, is plentiful, especially 
in a great tide-pool at Dog Island. It is a profusely branched plant, 
with very slender branches, and might very easily be mistaken for 
Didyoeiphon /cmieulaeeus. Only very carefiil microscopic study 
will avail to distinguish them. 
13. Slaohista fttcicola, Fries. 

Common on Fueus, iVo/, VerriU. 
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14. Sctocarpns braohiatus, Eanej. 

16. Ectocaxpus Uttoialie, ijiigbye. 

16. Kctocarpua siUoulosns, Ljngtjo. 

17. EotocaxpoB tomentosos, Lyngitje. 

All these species of Ectocarpaf^ and possibly one or two others, 
were collected on piles and rocks between tides, by Pro/. Ferrifl ftnd 
Mr. lekam. Authors do Dot seem to be at all united as to the limits 
of species in tliis genus, and with uncertain charaotere, and too often 
with specimeDS Dot in fruit, the identification of species is most 
doubtfuL 

18. Polyeiphonia urceolata, GreTiue. 

Common on rocks a few feet below low- water-mark. This is a 
very variable plant, passing from coarse and somewhat rigid forms, 
by many gradations, to the delicate var. roseola of J. G. Agardh 
(P. formosa, Harvey, Ner. Bor. Am.). 

19. Polysiphonia violacea, QreviUa. 

Collected early in August at Treat's Island by Mr. J^^den. 
30. Polyaiphonia fketigiata, GreviUe. 

Very abundant on Fucua nodosug at Dog Island, etc. GraDd 
Menan, Dr. Palmer (with 24-26 tubes!). 
21. CoTallina, officinalis, lAan. 

Rock-pools on outer coast of Caropobello Island. Graud Menan, 
abundant, I^o/, VerriU. This plant, which Dr. Harvey (Nereis Bor. 
Am., II, p. 83) said had not been sent him by any of his American 
correspondents, is abundant at Cape Ann, at Wood's Hole, and in 
various parts of Long Island Sound. 
S3. Lithothamnion polymoTphuio, Arescboug, in j. a Agardh's Sp. 

Alg., II, p. 624. 

Dredged in 18-20 fathoms, and encrusting rocks and shells up to 
low-water-mark; also seen in tide-pools. This is the common 
" Nnllipore " of the coast of Maine, and occurs id a great many forms, 
from a minute dot up to branching knobby masses several inches in 
diameter. 
^3-. Delesaeria slnuosa, Lamouroiu. 

Cast ashore on Carapobello Island and Grand Menan, also dredged 
almndantly in many places at ten to forty fathoms, and off Campo- 
hello Island in very deep water, (seventy-five fothoms, Pro/. VerrilL) 
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34. Delesseria alata, Lamouroux. 

Growing on Ptilota aerrata at Dog Island, below low-wster-mark, 
Mr. Pmdden. Sraad Menan, Dr. Palmer. Some of the specimens 
have the margins of the segmentB entire as deBcribed hy Dr. Harvey, 
and as Been in fine Irish Bpecimens sent me by Dr. Dickie, bat others 
are much deoticolated and laoiniated, bo as to suggest D. dentieulata 
of Montague ; hut as transitions occur, and even the common Cape 
Ann plant has the margins by no means entire, I prefer to refer all 
the Eastport specimens to 2). alata. 

36. Calliblepharls ciliata, Katziiig. 
Campobello Island, Mr. IVudden. Grand Menan, Dr. Paimer. 

M. polyides rotundus, Qreviiie. 
Tide-pools, common. 

21. Hildenbrandtla, ? 

Forming a very smooth, thiokish, dark red cmst on rocks, and 
Bometimes on shells, always covered at low tide, and in rock-pools on 
Campobello Island. The only specimen brought home is not in fruit, 
and therefore I cannot identify it with certainty. The cells are 
about twice the diameter of those of the common Sildetibrandtia of 
sontbem Xew England, which I take to be £ Crouani, 3. 6. 
Agardh. 

28. Euthora oristata, J- o. Agardh. 

Rock-pools, on C^npobello Island, Grand Menan, Dr. Patmtr, 
with conceptacnlar fruit 

29. Rhodymenla palmata, GrevUie. 

Very abundant, mostly between tides. A condition with numerous 
frondlets developed from the surface of the main frond is Dot un- 



30. Abnfeltia pUoata, Friea. 
Grand Menan, Dr. Palmer. 

31. Cystoclonium purpurascens, KiiteiDg. 

Tide-pools, on Campobello Island. Grand Menan, Dr. Palmer. 

32. O-igartina mamiUosa, J- Q- Ag»rdh. 

Very abundant on rocks, mostly just above low- water-mark, also in 
tide-pools. 
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33. Choudrua crispus, Lyngbye. 

A single Bpeoimen was given to Mr. Isham by a gentleman who 
foand it at Grand Manan. The plant is dwarfish, and with narrow 
entangled divisions, but the section shows the proper cellolar struc- 
ture of this species. 

34. Halosaoolon ramentficeuin, J- O. Agardh. 

Plentiful on the rocks from half-tide down to the lowest tide-mark, 
and assmning very diflerent forms. Some specimens are like the 
fignre In Nereis Bor. Am., but most of the examples collected show a 
tendency to produce sword-shaped, flattened fronds, either simple or 
proliferouely branched. The largest fronds are over a foot long, and 
an inch wide in the middle, from which they taper to a very slender 
base, and to a somewhat acute apex. When they remain simple, and 
all the largest are simple, tbey gradually become much curved, and 
the convex edge especially becomes mnch inflated and irregularly 
crested. For this form I propose the name of Var. gladiatum. Since 
I feid no difference in the cellular structure, and smce all kinds of in- 
termediate forma occur, I dare not regard this form as a distinct 
species, though it is very unlike the forms hitherto known. 

36. Ceramium rubmni, Agudk 

Found in a rock-pool on Carapobello Island. Grand Manan, Prof. 
YerriU and i)r. P<dmer. 
36- Ceramium Hooperi, Hwrey. 

Found by Prof yerriU on the piles of a wharf in Eastport, and at 
Grand Manan. Herring Cove, Mr. Prudd^n. In these specimens the 
creeping snrculi are not preserved, but the cells, of nearly equal diame 
ter and length, are filled with a beautiful rosy-purple endochrome, the 
nodes are coated with a definite band of rather large cellules, and 
some of the specimens show a few of the root-like filaments which Dr. 
Harvey saw on Mr. Hooper's original specimens from Penobscot Bay. 

37. Ptilota aerrata, KOtidng. 

Cast up on the shores, and dredged abundantly, even found at 75 
fftthoms. Growing below low-water-mark at Dog Island, Mr. Prud- 
den. This alga varies considerably in the coarseness or delicacy of 
its parts, and one large but very delicate specimen from 50 fathoms 
depth ofi" Grand Manan has some of the opposite branches or ramuli 
equally developed, so as to imitate P. ptumota not a little. I have 
seen no specimens from this region of undoubted P. plumoga, though 
as I write a true specimen of it is sent to me from Portland, collected 
by Mre. Roy. 

Trahs CoMKBcncuT Acad., Vol. II. 28 Juit, I8T3. 
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38, PtilOta eleganB, BonnemMaon. 

Tide-pools on Campobello Island, at Herring Cove. Little Green 
Island near Grand Manan, Mr. Isham. 
89. Callithamnion Americanum, Horrey. 

40. Callithamnion Pylaisaei, Montague. 

41. Callithaninion floooosum, Ag«rdh. 

These three Hpecies of Cailithamnion were fonnd parasitic on 
Pttlota ^errata at Dog Island by Mr. Pmdden, and Kos. 40 and 41 
were found growing on muscle^jhellB among the wharves by Prof. 
VerriU. 
*3- Callithamnion Rothii, Lyngbye. 

Growing in the piles of the wharves near low-water-mark, and on 
the rocks at Bog Island and Grand Manan, exposed at low-water, 
Frof. VerriU and Mr. Pmdden. 

43. Porphyra vulgaris, Agardh. 

Very common between tide-marks, growing chiefly on other alge, 
particularly on Polytiphonia fattigiata. 

44. SnteromoTpha intestlnalis, unk. 

Not 80 common as the next; found in a tide-pool near high-water- 
mark, on Campobello Island. 
46. Enteromorpha compreesa, QreTiite. 

Very common about the docks, etc., growing as high up as the tide 
ever reaches, 
46. Enteromorpha ? 

Floating in a lai^e entangled mass in Cobscook Bay. — Fronds very 
pale-green, nnbranched, filiform, tubular, varying in width, when 
compressed, from .001 inch to .03 inch ; cells sub-quadrate or oblong, 
.0003 to .0005 inch in diameter, about eight rows in the slenderest 
fronds. I cannot identify this with any published species, but in the 
present state of my knowledge of the genus I am unwilling to give it 
a new name. The cells are much more regularly four-sided than in 
E. compreaaa. 
41. UlTa latissima, L. 

Very common. 
48. Cladophora arcta, DiUwyn. 

Abundant on rocks and piles of wharves near low- water- mark. 
Older plants, with the iilaments much matted together ( V. caittratit, 
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Etltzing,) wore found on the S. E. aide of Campobello Island, in a 
rock-pool BO high that ordinary tides vould &il to rencb it 

■ta Cladophora » 

On Polyidee rotundtta and Gigartina, at Dog Island, etc — Plant 
forming deep-green tufts one-half to one inch in diameter, filament 
.0012 in. in diameter irregularly dichotomoua, snbcorymbose at the 
ends ; cells mostly about twice as long as their diameter, rarely 2^ 
times, often less than twice ; rootlets none. — This has much the habit 
of C. lanoea, bnt lacks the rootlet-like branches, and has even the 
terminal cells very short. 

BO. Cladophora flexnoaa, CJriffltha. 

Collected by Prof. Verrill and Mr. laham. 
61. Chaetomorpha Melagoniiun, weber and Uohr, 

Tide-pools at very low levels, not rare. 

52. Chaetomorpha tortuosa, DiUwyn. 

Grows in long entangled masses on Fucua and other large algse, 
also on the piles of the wharves, quite common. 

53. Hormotrichum boreal©, Harvey? 

Attached and free, in brackish pools just above high- water-mark on 
Little Green Island, Prof. VerriU. 

Filaments light yellowish green, very long, entangled, average 
diameter, .0008 inch, cells from once to twice as long as their diame- 
ter, slightly constricted at the end ; endochrome dispersed in roundish 
granules of very unequal size. 

M, Hormotrichum speciosum, CarniichaeiT 

Found on Chordaria fiageiliformis, covering it with a dense dark- 
green pile. Filaments one-half to one inch long, their diameter .0016 
to .0016 inch, veiy uniform; cells distinct, only one-fourth to one-third 
as long as their breadth, the filament slightly indented at each arti- 
culation; endochrome dense, a thin disk of it in each cell. I am very 
doubtful if this be the plant figured at plate 166 B of Phycologia 
Brittanica. 

56. Hormotrichum Carmiohaslii, Harvey. 

On lobster-cages floating in the docks at Eastport, Prof. VerriU. 
Filaments much entangled, dark green, the diameter varying from 
.0008 inch to .0016 or even more, cell-wall very thick, the dissepi- 
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ments not evident ; endochrome dense, at first m barrel-shaped 
masees rather longer than thick, at laet separating into somewhat 
lens-shaped disks. 

68. OsciUatoria, f 

Forms a dark blue or purple slimy coating on piles and logs, only 
in shaded places, Prof. VerriU. Filaments bluish-green, .0001 to 
.00013 inch in diameter. Probably a common European species, bat 
I have no means of comparing it with authentic specimens. 



The above list is as complete as the collections made will permit. 
It will be remembered that Algse were sought for only a few weeks 
in August and September : — if this coast could be thoroughly ex- 
plored at different seasons the list would doubtless be much extended. 

New Haven, March 19th, lei's. 
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XIII. — Thb Eablt Stages of the Ahebican Lobsteb {So 
Ame^ricanw Edwards). By Sidney L Smith.* 



A OBEAT part of the published observations on the early history of 
the higher cmstacea has been confined to the changes which take 
place in the embryo within the egg or immediately after leaving it. 
Of the later stages, which connect the newly hatched young with the 
adalt, very little is known, even in species of which the embryology 
proper has been considerably studied. This results naturally from the 
great difficulty of rearing the young of these animals in confinement. 
In fact, it is usually easier to obtain the young in the difierbnt stages 
directly from their native haunts, as has been so saccessfully done for 
some of the radiates and worms by Alexander Agassiz, than to at- 
tempt to rear them in ordinary vessels or small aquaria. In the case 
of many of the higher Crustacea, a part of the early history might 
often be traced back from the adult more easily than it can be from 
the egg up. 

The following account of the development of the American lobster 
during its free-swimming stages is one of the results of the facilities 
for collecting and studying the marine animals of Vineyard Sound, 
Buzzard's Bay and the adjacent region, afibrded me during the sum- 
mer of 1871, by Professor Spencer F. Baird, United States Commis- 
sioner of Fish and Fisheries. 

Numerous specimens of the free-swimming young of the lobster, in 
(Ufi'erent stages of growth, were obtained in Vineyard Sound, but ray 
time while there was eo fully occupied in collecting that little was 
left for studying the animals while alive. The fignres and descriptions 
which follow — except a few notes on color — have consequently all 
been made from specimens preserved in alcohol, so that this article is 
confined almost wholly to the development of the tegnmentary ap- 
pendages and does not include a study of the anatomy of the soft 
internal organs. 

As no opportunities were ofiered in 1871 for observations upon the 
young within the egg, this deficiency baa been partially supplied by 

* A brief abrtrect of a part of this paper, with the figuree on plate XTV, appeared 
in the American Jouniel of Sdence, 3d series, toL iii, p- 1, June, 1ST3. A short notice 
of it is also inserted m an artide on "The Uetamorphoaea of the Lotnter and otber 
Cnistacea," in the Report of the tJ. S. CommissioDeT of Reh and FisherieB on the Con- . 
ditioD of the Sea PisherieB of the Southern Coast of New linglaad in ISIl and 18T2, 
p. 522, 1873. 
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a fev observations at New Haven in May, 1872.* Eggs taken May 
2, from lobsters captured at New T^ondon, Connecticut, bad embryos 
well advanced, as represented in figure 1. In this stage the egg* are 
slightly elongated spheroids, 
^' * about 2.1°"" in the longer dia- 

meter aod 1.9 in the shorter. 
One side is rendered very opa- 
qne dark green by the unab- 
Borbed yolk mass, while the 
other shows the eyes as two 
large black spots, and the red 
I pigment spots on the edge of 
the oarapaz, bases of the l^s, 
etc., as irregular lines of pink 
markings. 

In a side view of the embryo, 
the lower edge of the carapax 
(d, figure 1) is clearly defined 
and extends in a gentle carve 
from the middle of the eye to 
the posterior border of the embryo. This margin of the carapaz is 
marked with dendritic spots of red pigment. The whole dorsa) por- 
tion, fully one-half the embryo, is still occupied by the unabsorbed 
portion of the yolk {a, a, figure 1), of which the lower margin, repre- 
sented in the figure by a dotted line, extends ftom. close above the 
eye in a curve nearly parallel with the lower mai^n of the carapaz, 
but with a sharp indentation a little way behind the eye. The eyes 
(c, figure 1) are large, nearly round, not entirely separated &om the 
Burroanding tiesaes, and with a central portion of black pigment. 

The antennulse (d, figure 1) are simple, sack-like appendages, aris- 
ing from just beneath the eyes, with the terminal portion turned back- 

* The BesHon at which ^e female lobsters carrf e^a variea very much on dijferetit 
partd of the ooasb LobBtera from New London vaA Stonington, Connecticut, are with 
tiggi in April and Hi^, while at HalifaT, Nova Bcotia, 1 found them with eggs, in whiidi 
the embryos were just beginning to develop, early in September. A correBpoading 
variation Ib noticed in the lobster of the European coast 

f Embiyo, oome time before hatching, r^noved from the external envelope and 
shown in a side view enlarged 20 diameters j a, a, dark-green yolk maes atill unab- 
Borbed ; h, lateral margin of the carapaz marked with many dendritic spots of red 
pigment; e^^ya; d^ antennula; «, antenna; / external maxiltiped; jr. great cheliped 
which forms the big daw of the adult ; A, outer swimming branch or exopodua of the 
ftioa; i, the four ambulatory legs with their eiopoda] branches; i, intestine; I, heart; 
in, bilobed tail seen edgawiae. 
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ward and marked with aeveral large dendritic spots of i«d pigment. 
In specimens a little fnrther advanced (figure 2) the future aotennula is 
pj^ 2* slightly separated from the esternal 

membrane of the saok and is seen 
formiDg within it, and at its tip 
there appear to be several mo- 
mentary sette. 

The antennie {e, figure 1) are but 
little larger than the antennnhe and 
are sack-like and without articula- 
tions, but the scale and flagellum 
are separated and bent backward, 
the scale being represented by the 
large and somewhat expanded lobe, 
and the flagellum by a shorter and 
slender lobe which arises from near the base of the scale. In speci- 
mens 8 tittle further advanced (figure 2), the extremity of the scale 
shows a few very short and rudimentary sette, and the flagellum is 
tipped with three of the same character. 

The mandibles, both pairs of maxillie, and the first and second 
maxillipeds are not sufliciently developed to be seen without remov- 
ing the edge of the carapax and the adjacent parts. By dividing the 
embryo in two, however, removing the carapax, and viewing the 
parts tinder compression, a number of lobes corresponding to the 
mouth organs can be seen (figure 3). The anterior of these (c, figure 
2), apparently representing the mandible, is broad, sLmple and clearly 
defined. Next are several small and indistinct lobes ((f, flgnre 2) re- 
presenting, probably, the maxillse. Then, a larger lobe, indistinctly 
divided into three parts at the extremity (e, figure 2), represents the 
first maxilliped, and a slender lobe, with the terminal portion divided 
into two processes (/, figure 2), represents the second maxilliped. 
The external maxillipeds (/, figure l,and^, figure 2) are well developed 
and almost exactly like the posterior cephalothoracic legs. Both the 
branches are simple and sack-like, the main branch, or endognatbas,! 

* Cephalic appendages of the left side of an embryo a little further advaooed than 
figure 1, ueeen under ODmpressioD, enlarged 40 diameters ; a, antennula; i,«nteDiut; 
C mandible; i, maiiU«; «, tnX maxilliped; / second muilliped; g, base of eitenul 
maxilliped. 

\ To prevent confusion, the termB here used are the lAtin forms of those propoaed 
bj Milne Edwards to designate the dilFeieDt branohes of the oephalotborBcic tq»- 
pendogee: endapodua, for the mun branch of a leg; «»>p«(tii«, fortbe accesBory branch j 
epipodw, for the flabellifona appendage; and endoifnathia, txognaOma, and ^ngttaOmt, 
for the correspondiog branches of the mouth organs. 
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maoh larger KDd slightly longer than the outer branch, or exognathus, 
which ia quite slender. 

The five pairs of cephalothoracic legs (g. A, i, figure 1, and a, b, 
figure 3) are all simihir and of about the same nize, except the main 
branch of the first pair, (g, figure 1, aod a, figure 3,) which is much 
larger than that of the others, but is 
^S- 3." gtiii Back-like and entirely without ar- 

ticulations. The outer or exopodal 
branches of all the legs are slender, 
wholly unarticulated, sack-like processes, 
while the inner or main (endopodal) 
branches of the four posterior pairs are 
similar, but much stonter and slightly 
longer processes arising from the same 
bases. The bases of all the legs are 
marked with dendritic spots of red pig- 
ment like those upon the lower margin 
of the carapas. 
The abdomen (m, figure 1) is curved round beneath the cephalo- 
thorax, the extremity extending between and considerably in front of 
the eyes. The segments are scarcely distinguishable. The telson 
(figure 4) is fully a third of the entire length of the abdomen, and, as 
seen from beneath the embryo, is slightly ex- 
^' ' panded into a somewhat oval form, and very 

deeply divided by a narrow sinus, rounded at 
the extremity. The lobes into which the tail 
is thus divided are narrow, and somewhat ap- 
proach each other toward the extremities, where 
they are each armed along the inner edge with 
six small obtuse teeth. 
The heart {I, figure 1) is readily seen, while 
I the embryo is alive, by its regular pulsations. 
It appears as a slight en lai^ement in the dorsal 
vessel, just under the posterior portion of the 
carapax. The iiitestiiie (/c, figure 1) is distinctly 
visible in the anterior portion of the abdomen as 
' a well defined, transparent tube, in which fioat 
little granular masses. This material within the 
intestine is constantly oscillating back and forth 
as long as the embryo is alive. 

* First and Becond cephalothoracic legs, m Been detached from the body and under 
compression, enlarged 40 diameters ; a, log of the anterior pair ; 6, leg of the second pair. 
t Extremity of the Hbdamen, seen from above and al^hUy compreaeed, enlarged 30 
diajneters. 
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The BubaequeDt development of the embryo within the egg was not 
observed. 

The following obaervationB on the yoong Iarv», after they have 
left the eggs, have been made upon specimens obtained in Vineyard 
Sound, or the adjacent waters, during July. These specimens were 
mostly taken at the surface in the day-time, either with the towing or 
hand net, and represent three quite different stages in the true larval 
condition, besides a later stage approaching closely the adnit : (1) a 
Iree-swimming schizopodal form with the fiill number of cephalothor- 
acic appendages, the abdomen without appendages, and the six pos- 
terior pairs of cephalothoracic appendages pediform and their ezopo- 
dal branches developed into powerful swimming organs; (2) a simi- 
lar form in which the rudimentary appendages have appeared upon 
the second to the fifth segments of the abdomen ; and (3) a form in 
which the exopodal branches of the six posterior purs of cephalo- 
thoracic appendages have decreased much in size, proportionally with 
the rest of the animal, and in which well formed appendages have ap- 
peared upon the penultimate segment of the abdomen in addition to 
those upon the second to the fifth segments. For convenience, I have 
desigoated these forms as the first, second, and third larval stages. 
In the next form observed the animal haa lost all its schizopodal char- 
acters and assumed the more important features of the adult, although 
still retaining the free-swimming habit of the true larval forms. This 
atage I have indicated as the earliest stage of the adult form. The 
exact age of the larvee in the first stage was not ascertained, but 
was probably only a few days, and they had most likely molted only 
once after leaving the eggs. 

Mrst larval stage. 

In this stage the young are free-swimming sohizopods about a third 
of an inch (7-8 to 8-0°""-) in length (plate XIV, figs. A, B). The 
carapax is short and broad, somewhat gibbous posteriorly as seen 
from above, and projects in front into an unarmed, long, very slender 
and acute rostrum, whi<!h is horizontal, flattened vertically, and only 
a little less than half as long as the entire carapax including the 
rostrum. The inferior angle of the anterior margin projects, beneath 
the eye, into an acute, spiniform and prominent tooth. The cervical 
suture is faintly indicated, but no other areolation is perceptible. The 
posterior jiortlons of the branchial regions are expanded laterally and 
the posterior mat^in incloses a space considerably larger than the 
base of the abdomen, 

Tbans. Cohveotiodt Aoad., Vol. II. 29 Jult, 1ST3. 
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The ocal&r peduncles are very short SDd thick, directed Btraight 
outward, and apparently admit of only a small amount of motion. 
The cornea projects very slightly beyond the margin of the carapax 
and is very large, its diameter being about a third as great as the 
breadth of the carapax. 

The antennnlie (plate XV, fig. fl, enlai^ed 30 diameters) are short, 
simple, sack-like appendages, about half as long as the rostrum, 
slightly contracted proximally, and entirely without division into seg- 
ments. At tip they are each furnished with three simple sette, one 
stoat and about half as long as the antennula itself, the others very 
small and placed at the base of the lai^r. No sign of auditory ap. 
paratOB could be discovered. In one specimen, which was approach- 
ing the time of molting, the antennaln of she next stage was plainly 
visible through the integument (plate XY, fig. 7, enlarged 30 diame- 
ters), and show distinctly two separated segments representing the 
peduncle, the partial separation of the secondary, or inner, flagellnm, 
and the hfurs toward the tip of the outer fl^ellum. 

The antennee (plate XV, fig, 11, enlai^ed 30 diameters) are slightly 
, longer than the antennulse and much further developed. There is a 
sharp tooth at the base of the scale. The scale itself Is highly de- 
veloped and resembles considerably that of many of the Mysidea. It 
is broad, considerably longer than the flagellum, armed with a sharp 
tooth at the extremity of the outer margin, and the inner edge is 
fiimished with very long plumose hairs, which are jointed through 
most of their length, and taper to very slender tips. The flagellum is 
shorter than the scale, separated from its peduncle by an articulation, 
but is itself not divided into segments, and is naked except at the 
tip, which is furnished with three equal, slender, plumose haira tike 
those upon the scale, only somewhat shorter. 

The mandibles (plate XV, fig. 13, enlarged 25, and fig. U,enlarged 
40 diameters) are delicate and the crowns alone indurated. The palpi 
are very small, short and cylindrical, the three sobequal segments 
faintly indicated, and the tip of each furnished with two short hairs. 
They are directed straight forward and apparently have no power of 
acting within the edges of the mandibles as in the adult The coronal 
edges of the mandibles are asymmetricaL In both there is a very small 
molar-like area (fig. 14, b) at the posterior angle covered with fine 
teeth or bristles, and, in front of this, the margin, nearly to the aoterior 
angle, is armed with acute spiriform teeth which are hooked slightly 
backward. At the anterior angle this margin is turned abruptly 
backward for a short distance below (in the natural position of the 
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animal) the other edge, as a stout lamelliform process. TIuh procesa 
is quite difiereut Id the two maadibles. Id the left (fig. 14, a) its 
posterior margin is separated &om the body of the mandible for 
quite a dintance, and its inner, or terminal, edge divided into three 
irregular obtune teeth, of which the posterior is most prominent ; 
while on the right side this process is separated only for a short dis- 
tance, the teeth are quite different in fonn, and the posterior one is 
the least prominenL 

In the first pair of masilln (plate XYI, fig. 1, enlarged 40 diame- 
ters) tbe eodognathuB is composed, as in the adult, of two lobes (fig. 
1, a, b), the proximal lobe {a) rounded at tip and margined with 
scattered setiform spinules, the distal lobe {b) troncated at the ex- 
tremity, which is armed, somewhat as in the adult, with closely set 
acnte spinules. The esognathus (fig. 1, c) is much short«r than the 
endognathus, is composed of a single article, and is armed at and near 
the distal extremity with four setee (fig. la, enlai^ed 100 diameters), 
of which two are at the tip, the inner one about aa long as tbe 
ezognathus itself, the outer a little shorter; another, about as long as 
tfais last, arises from an emai^nation on the inside a little way from 
the tip ; while tbe fourth arises near tbe base of the inner one and is 
very small 

In the second paii- of maxillfe (plate XVI, fig. 4, enlai^ed 40 dia- 
meters) the four lobes of the endognathus (a) are proportionally 
much shorter than in the adult, the tips are broadly and evenly 
rounded and sparcely armed with stout and simple sets. Tbe 
exognatbuB (fig. 4, b) is short, scarcely reaching to tbe tip of the 
oater lobe of the endognatbns. It is naked nearly to the tip, which 
is armed with six simple setse. Three of these aetw are at tbe very 
tip (fig. 4a, enlarged 100 diameters), the inner and longest one 
equalling in length the body of tbe exognathus itself, the middle one 
somewhat shorter, and the outer very small ; two others, as long as 
the middle one of the tip, arise together from an emargination upon 
the inner side near tbe extremity ; while another starts from just 
below the bases of these, but is only half as long as they. Tbe an- 
terior portion of the epignathus (fig. 4, c) is about as lon^ and slightly 
broader than the outer lobe of the endognathus, while the posterior 
portion is quite small, but tittle larger than the anterior. The edge 
of tbe epignathuB is furnished all round with rather stout, jointed, 
and densely plumose hairs. 

The first, or inner, maiiliipeds (plate XVI, fig. 6, enlai^ed 40 dia- 
meters) differ from those of the adult chiefly in being more mdimen- 
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tary. The endognathus (fig. 6, a) is only sparsely armed with Htont 
setfe along and near the inner mai^n. The two segmeDts of the 
mesogDathas (fig. 6, b) are about eqnal in length, the basal one with 
two long simple eette on the inner side at the distal extremity, and 
the terminal one with four ai and near the tip. Of these terminal 
sette (fig. da, enlarged 100 diameters) the longest about equals in 
length the terminal segment of the mesognathus itself and arises 
from an eraargination on the inner sitle close to the tip, two, 
successively shorter, arise from the tip itself^ while below the base of 
these is one still shorter. The exognathus (fig. fl, c) is not longer 
than the mesognathus, shows no segmentation, the oater edge is fur- 
nished with twelve to fifteen jointed, plumose setee (fig. 6 b, enlarged 
200 diameters), and at tip with two very abort sets, while tbe inner 
edge is naked. The epignathus (fig. 6, d) is small and naked, the 
posterior portion, though much longer than the anterior, is propor- 
tionally very much smaller than in the adalt, and the extremity is 
rounded and produced at the inner angle. 

Tbe second maxillipeds (plate XVI, fig. 9, enlarged 40 diameters) 
are not flattened and appressed to the inner mouth organs as in the 
adult. The endognathus is stout and cylindrical, the last three seg- 
ments are bent inward at nearly a right angle, and all the segments 
have about the same proportional lengths as in the adult. The inner 
sides of all the segments below the meral are armed with a few nearly 
straight setiform spines, while the carpal segment upon the outer side, 
and the succeeding ones all round, are sparcely armed with rather 
stont spines, some of which are minutely serrate ; the terminal spine 
is much stouter than the others and curved toward the tip. The 
exognathus (fig. 9, a) is slender, rudimentary, composed of a single 
article, does not reach beyond the meral segment of the endognathus, 
and is furnished at the extremity with a very few short and rudimen- 
tary setfe, two of which are at the tip and two or three more arise 
from slight emarginations in each side, thus showing a very slight 
approach to the flagelliform character which this appendage has in 
the adult, although there is as yet no indication of segmentation, 
even at the tip. The epignathus (fig. 9, b) is mdimcntary and sack- 
like, scarcely longer than the diameter of the segment from which it 
arises, and is apparently without a branchial appendage. 

The external maxillipeds (plate XVI, fig. 1 3, enlarged 25 diameters) 
are elongated and pediform, the endognathus being as long as and 
much like the endopodi of the posterior legs, while tbe exognathos is 
like the exopodal branches of all the legs. The segments of the 
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endognathas are all Dearly cylindrical, and the five distal are armed 
with slender epinea along the inner sides. The meral and propodal 
segments are equal in length, the ischial and carpal also eqoal in 
length, bat a little shorter than the roersi and propodal, while the 
terminal segment is scarcely longer than the diameter of the propo- 
duB, tapers rapidly to the tip, which is armed with three slender spines, 
the shortest of which is considerably longer than the segment itself 
and the longest nearly three times as long. The spines upon the 
distal end of the propodus are about as long as the segment itself, 
while those upon the inner sides of the other segments are much 
shorter. Most of the spines are aimed for a lai^e part of the length 
with two rows of acute and closely set teeth ; although the two long- 
est of the terminal ones and some of the others appear to be wholly 
unarmed. The exognathus (fig. 13, a) is about half as long &a the 
endognathns, the distal, flagelUform portion being longer than the 
basal and composed of eight or nine segments, each of which is fiir- 
nished at the distal end with two very long jointed and ciliated hairs, 
the distal ones fully as long as the flagclliform portion, but the ones 
toward the base somewhat shorter. The epignathus (fig. 13, b) and 
the three branchial appendages (fig. 13, c) are very rudimentary, 
being represented by small sack-like lobes, the one representing the 
epignathus larger than the others and distinguished from them by its 
better defined outline and less cellular structure,* 

The anterior cephalothoracic legs (plate XIV, fig. D, enlarged 20, 
and ptate XV U, fig. 9, enlarged 40 diameters), corresponding to the 
great chelate legs of the adult, are exactly alike, scarcely longer than 
the external maxillipeds, and only imperfectly subcheliform, with no 
power of prehension: The endopodus is stouter than in the second 
and third legs, but scarcely, if any, longer. The segments are all 
nearly cylindrical, and all except the coxal are armed along the inner 

* The Dumber ot brancbiie, or branchial pTTuiiidB, in the AineriraD lobster is 
twenty on each Bide; a single emsU one upon the second maiilliped, three well- 
developed ones upoD the external maiiUiped, three upon the first cephalothoracic log, 
fonr each upon die second, third, and fourth, and one upon the fifth. The number is 
probably the same in the European species, although the stalemeate of dUIerent 
anthors in regard to it ore oonfused and contradictory. De Haan (Fauna Japonica, 
Crustacea, p. 146) states the uomtier, for the genus Bomarue, as nineteen on each 
side, giving only two for the external maiilliped, while Owen (Lectures on the Anat- 
omy of the Invertebrate Animals, 3d ed., p. 3i2) and Edwards (Histeire naturelle 
des Crustao^, tome i, p. 86) gives the whole number on each side as twen^-two, 
although Edwards in another place In the same worlc, under Bbmartu (tome iii, p. 
333), givtK twen^ as the number. 
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Bide, and the distal three all round, with slender Bpinea. The propo- 
duB (plate XYEI, fig. 9) is the longest and slightly the etouteet of the 
Begments, the basal portion as long as the merus, the digital portioa 
much shorter than the dactyluB and tapering rapidly to a short spine- 
like tip, the inferior side armed with several pairs of slender spines, 
some of which are aimed with two rows of acute teeth, and the distal 
end, on each side at the base of the digital portion, with a long slen- 
der spine armed, like those just mentioned, with two rows of acute 
teeth. The dactylus itself is much shorter than the basal portion of 
the propoduB, tapers rapidly to the tip, which is terminated by a 
Bpine nearly as long as the dactylus itself, and is armed on both mar- 
gins with several small and slender spines. The exopodus (plate 
XIV, fig. D, a) is just like the ezognathus of the external maxillipeds, 
except that the flagelliform portiou is a little longer and composed 
of ten segments. The epignathns (fig. D, b) and the three branchial 
appendages (fig. D, c) are almost exactly like those of the external 
maxillipeds. In the specimen figured all the branchial appendages 
were farther developed than in moat of the specimens examined. 

The second pair of legs (plate XVII, figs. 1 and la, enlarged 20 
diameters) are nearly or quite as long as and very much like the first 
pair, but the endopodl are considerably more slender, the propodus is 
scarcely stouter than the carpus, is armed with fewer spines beneath, 
and the digital portion ib much less developed, while the dactylus is 
more slender and is terminated by a longer spine. The exopodos, 
epipodus, and the four branchial appendages are just like the corres- 
ponding parts of the anterior legs, the flagelliform portion of the 
exopodus being composed of ten segments, as in all the other legs. 

The third pair of legs are in all respects like the second p^, and 
appear to be quite indistinguishable from them. 

The fourth and fifth pairs of legs are sty llform, a little more slender 
than the second and third pairs, and the endopodi and exopodi in 
both pairs are quite dmilar in structure. The endopodi of the fourth 
pur are armed with slender spines like those upon the second and 
third pairs; their propodal segments are slender, longer than the 
other segments, and are armed on the inside, near the base of the 
dactylus, with several long spines themselves armed with two rows of 
acute teeth ; and the daotyli are slender, rapidly tapering, half as 
long as the propodi, and are each terminated by a slender, slightly 
curved, spiniform stylet fnlly twice as long as the segment itself^ and 
armed upon the outer side with rows of acute teeth like those 
upon the long spines of the propodus. The exopodi, epipodi, and the 
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branchial appendages are exactly like the corresponding parts of tlie 
seoond and third pture of legs. 

In the posterior pair of legs (plate XVII, fig. «, terminal portion of 
one, enlarged 40 diameters) the endopoduB is slightly more slender 
than in the fourth pair, the propodus is proportionally a little lon- 
ger, and the slender stylet at the tip of the dactylns is considerably 
more than twice aa long as the dactylns itselt The exopodns is like 
that of the other legs, and the single rudimeDtary, branchial appen- 
dage is of the same size as those of the other legs. 

He abdomen is slightly longer than the entire length of the cara- 
pax, quite slender, tapers gradually toward the extremity, and all 
the segments except the expanded telson are nearly cylindrical. The 
first segment does not extend beyond the posterior mai^n of the 
sides of the carapax and is entirely unarmed. The second, third, 
fourth and fifth segments are snbequal in length, and each is armed 
with a stout dorsal spine arising from the posterior mai^n and curved 
backward, and has the posterior margin produced each side below 
into a smaller, straight, tooth-like spine. The lateral spines increase 
slightly in size from the second to the fifth segment. The dorsal 
spine upon the second segment is shorter than the segment itself, that 
upon the third is longer than the segment, and those upon the third 
and fourth are still longer and nearly equal. (Plate XVIII, fig. 8, 
lateral view of the fourth segment, eulai^ed 20 diameters, and fig. 9, 
diagram of a section of the same segment seen from behind, enlarged 
30 diameters.) The penultimate segment is a little longer than the 
prece^ng, and is armed above with two short spines like the one upon 
the second segment, except that they are more curved toward the ex- 
tremities. 

The telson (plate XVIII, fig. 1, enlarged 20 diameters, and la, 
portion of one of the angles, enlarged 40 diameters) is closely arti- 
culated to the penultimate segment, so as apparently to admit of no 
motion between them, and is developed into a very large lamellar 
swimming appendage somewhat triangular in outline, with the pos- 
terior mai^n deeply concave. This caulal lamella is fiilly as long as 
the four preceding segments together and nearly the same in breadth 
across the posterior angles, being fully as broad as the widest part of 
the carapax. The posterior margin is deeply and regularly concave 
in outline, is armed with a stout median spine and the lateral angles 
project in long spiniform processes, while each side between the 
lateral angles and the median spine there are fourteen or fifteen stout 
plumose set» articulated to the margin (plate XVIII, fig, la), the seta 
next the lateral angle being very much smaller than the others. 
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In life the eyes are bright blue; the anterior portion and the lower 
margin of the carapax and the bases of the legs are speckled with 
orange ; the lower margin, the whole of the peDultimate, and the 
basal portion of the nitimate segment of the abdomen, are brilliant 
reddish oranga 

In this stage the tarvie were firet taken Jnly 1, when they were 
seen swimming rapidly abont at the surface of the water among great 
numbers of zofise, megalops, and copeopods. Their motions and 
habits recall at once the species of Myais and Thyaanopoda, but 
their motions are not quite as rapid and are more irregular. They 
were frequently taken at the surface in different parts of Vineyard 
Sonnd from July l to 7, and several were taken off Newport, Rhode 
Island, as late as July 16, and they would very likely be found also 
in June, judging from the stage of development to which the embryos 
had advanced early in May in Long Island Sound. Besides the spe- 
cimena taken in the open water of the Sound, a great number was ob- 
tMued, July 6, from the well of a lobster-smack, where they were 
swimming in great abundance near the surface of the water, having 
undoubtedly been recently hatched from the eggs carried by the 
female lobsters confined in the well. Some of these specimens lived 
in vessels of fresh sea-water for two days, but all efforts to keep them 
alive long enough to observe their molting failed. They appeared, 
while thus in confinement, to feed principally upon very minute ani- 
mals of different kinds, but were several times seen to devour small 
zoSiB, and occasionally when much crowded, so that some of them be- 
came exhausted, tliey fed upon each other, the stronger ones eating the 
weaker. 

Second larval stage. 

In this stage the larvie have increased somewhat in size, and rudi- 
mentary appendages have appeared upon the second to the fifth seg- 
ments of the abdomen. 

The carapax is proportionally a little narrower than in the first 
stage and the cervical suture is a little more distinctly indicated. 
The rostrum (plate XV, fig. 2, enlarged 10 diameters) is much 
broader at base, more triangular in outline, and is armed on each side 
towanl the base with three or four teeth, the terminal portion being 
slender, acute and unarmed. Tlie number of teeth upon the sides of 
the rostrum vary somewhat in different specimens and oftbn on the 
different sides of the same specimen. In all, however, there is a stout 
tooth each side over the eye and either two or three smaller ones in 
front of it. 
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llie ocniar pedonoles are Hlightly longer and less stout in propor- 
tion thao in the first stage, and the cornea is not qnite as broad. 

The antennuhe (plate XV, fig. 8, enlarged 20 diameters) are pro- 
portionately no larger than in the last stage, but the three segments of 
the peduncle are distinctly defined and the Amelia are separated down 
to the peduncle. The primary, or outer, flagellum is as short as the 
pedonole, indistinctly divided into abont six segments, and the inner 
side furnished, especially toward the distal extremity, with many 
cylindrical, and apparently tabular, hairs, which are half as long as 
the flagellum itself and truncated at tip. The secondary, or inner, 
flagellum is slender, about a third the diameter of the primary, and 
considerably shorter, shows no division into segments, and is iumished 
with one long and one very short ciliam at tip. The distal segment 
of the peduncle bears, near the base of the secondary flagellum, a 
single, long, sparsely ciliated hair, perhaps auditory in its function, but 
no other indication of auditory apparatus connected with the pedun- 
cle waa discovered. 

The antenufe are as in the firat stage, except that the flagella are 
almost as long as the scales, and in all the specimens examined are 
without the long hairs at the tips. 

The mandibles are as in the first stage, except that they are perbajM 
slightly more indurated and the segments of the palpi more distinctly 
indicated. 

In the first maxillse, the spines and sets upon the lobes of the 
endognathus have increased slightly in number and size. The ex- 
ognathus is proportionally somewhat longer and has an additional 
seta at the tip, so that there are three terminal ones increaaing in 
length from the outside; while the lai^e one upon the inside arises 
somewhat further from the tip. 

In the second maxillie, the lobes of the endognathus and the ex- 
ognathus are as in the first stage, except a slight increase in the num- 
ber and size of the spines upon the lobes of the endognathus. The 
posterior portion of the epigiiatbus has increased considerably in 
length and is much broader than the anterior portion. 

The first, or inner, maxillipeds differ only very slightly from those 
in the first stage. The mesognathus is relatively of the same size 
and is furnished with the same number of setie. The exognathus is 
slightly longer in proportion and the posterior portion of the epigna- 
thuB is proportionally lai^er than the anterior portion. 

In the second maxillipeds the endognathus has changed very little 
from the first stage, the proportions of the segments and the number 
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aod arrangement of the spines' beiDg almost exactly the same, while 
the articulations between the segments seem to be more distinctly 
marked. The exognathus has mcreased very slightly in length, and 
the extremity shows a slight approach to the flagelliform character 
in the increased length of the rudimentary setse, though there is still 
no segmentation even at the tip. The epignathus (plate XVI, fig. 
10, enlarged 40 diameters) has increased very little in rize, but shows 
a very slight rudiment of a branchial appendage as a minute lobe on 
the inside near the base (fig, 10, c). 

The endognathi and exognathi of the external maxillipeds are as in 
the first stage, except that the endognathns is a little more slender and 
the terminal segment proportionally a little longer. The epignathus 
and the three branchial appendages have increased very much in size, 
the latter being elongated and the edges distinctly crenulated, bat 
the epignathus still somewhat sack-like and entirely withoat haire. 
"niese appendages are in exactly the same st^e of development ae 
those upon the legs, and as represented in the figure of one of the 
legs of the second pair (plate XVII, fig. 2, 6, c, enlarged 20 diame- 
ters). 

The anterior cephalothoracic legs (plate XV 11, fig. 10, distal por- 
tion of one, enlarged 20 diameters) are proportionally mach larger 
than in the first stage, and have become truly cheliform. The propo- 
dus is proportionally much longer than in the first stage, is armed 
only with very short spines, and the digital portion is nearly as long 
as the basal, and its tip is incurved and terminates in a short and slen- 
der nail. The dactylns is very slightly longer than the digital por- 
tion of the propoduB, is shaped very much like it, and has apparently 
some power of prehension with it. The exopodus is larger, having 
increased in proportion with the other legs. The epignathus and the 
three branchial appendages are like those of the external maxillipeds. 

The second and third pairs of legs (plate XVII, fig, 2, one of the 
second pwr, enlarged iiO diameters) are alike and have increased con- 
siderably in length. The spines upon the propodus are shorter and 
the digital portion is more elongated, slightly incurved, and ter- 
minated by a short nail. The dactylus is more slender, much longer 
than the digital portion of the propodus, and terminates in a spini- 
form stylet nearly as long as the dactylus itself, but considerably 
shorter than in the first stage. The exopodus, epipodus, and the 
branchial appendages are like those of the anterior legs. 

The fourth pair of legs have increased in length proportionally with 
the second and third pairs, the spines upon the distal extremity of 
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the propoduB are relatively shorter, the body of the dactytue has in- 
creased in length so that it is more than half as long as the propodns, 
but the styliform tip is much shorter, scarcely if at all longer than 
the dactylns itself, but still retains its armature of sharp teeth along 
one side. The exopoduB, epipodus, and the four branchial appendages 
are the same as in the second and third pairs. 

The posterior legs {plate XVII, fig, 6, enlarged 20 diameterfi, and 
fig. 5a, terminal portion enlarged 40 diameters) are proportionally as 
long as the fourth pair, but are more slender. The propodua and 
dactylus are relatively longer and more slender than in the first stage, 
and the terminal stylet of the dactylus, though longer than in the 
fourth pair, is but little longer than the dactylus itself. The exopo- 
das is tike that of the other legs and the single branchial appendage 
is like the others. 

The abdomen is slightly stouter relatively than in the first stage, 
and the appendages of the second, third, fourth and fifth segments 
have appeared. The dorsal spines upon the second to the sixth seg- 
ment are of the same form but slightly shorter than in the first stage, 
and the spiniform lateral angles of the same segments are a little 
shorter and stouter. 

The telson (plate XVIII, fig. 2, enlarged 20 diameters) is relatively 
smaller and broader at base, being more quadrilateral in outline, and 
the stout plumose setie of the posterior margin are mnch smaller. 
The articulation between the t«lson and the penultimate segment is 
more distinct than in the first stage, but apparently still admits of 
very little if any motion. 

The natatory legs of the second, third, fourth and fifth segments 
(plate XVIII, fig, 6, one of the legs of the third segment, enlarged 
30 diameters) differ somewhat in size in different specimens, but are 
nearly as long as the segments themselves. The terminal lamellie of 
these appendages are simple, oblong and snck-like, without sign of 
segmentation or clothing of hairs or setK. 

Specimens in this stage were taken only twice, July 1 and 15. 
They have the same habits and general appearance as in the first 
stage. In color they are almost exactly the same, only the orange- 
colored markings are ]>erhaps a little less intense. 

Third larval stage. 

In this stage (plate XIV, fig. E, enlai^ed 8 diameters) the larvie 

are about half an inch (12 to 1.3""") in length, the integument is 

of a firmer consistency than in the earlier stages, and the entire animal 
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has begun to lose its schizopodal characters and to aeanme some of 
the featores of the adult. 

The carapax has nearly the same general form ae in the earlier 
stages, but the cervical suture is much more distinct, and the inferior 
angle of the anterior margin is prolonged into a much less prominent 
tooth. The rostrum (plate XV, fig. 3, enlarged 10 diameters) is 
somewhat depressed from the base to near the tip, is proportionally 
shorter and broader than in either of the earlier stages, and its mar- 
gins are armed with the same variable number of teeth as in the 
second stage. 

The ocular peduncles are slightly more slender, the eyes themselves 
are proportionally a little smaller than in the second stage, and the 
peduncles apparently admit of considerable motion. 

The antennulie (plate XV, fig. 0, enlarged 20 diameters) are longer 
and more slender than in the second stage, but are still considerably 
shorter than the rostrum. The onter fiagellnm is distinctly divided 
into about ten equal segments, and the distal half of the inner margin 
is furnished with numerous hairs similar to those in the second stage, 
only smaller and not more than half as long. The inner flagellara is 
three-fourths as long as the outer, slender, rather indistinctly divided 
into eight to ten segments, and entirely naked. 

The antennte retain the essential features of the earlier stages. The 
scale is proportionally as large, and is famished with the same form 
of plumose hairs along the inner margin as in the first and second 
stages. The flagellnm is about a half longer than the scale, indis- 
tinctly multiarticnlate and apparently without terminal sette or 
lateral hairs. 

The mandibles (plate XV, fig. 15, enlarged 25 diameters, and figs. 
16,17, 18) have nearly the same form as in the first and second stages, 
but the crowns are more indurated and thickened, the teeth not quite 
as acute, and the anterior portion of the margin not quite as abruptly 
recurved, while the palpi have increased considerably in size, the last 
segment being much longer than either of the others, and tipped with 
five, instead of two, short hairs or sette. 

In the first maxilhe, the spines and sette upon the lobes of the 
endognathus are more numerous and considerably stouter than in the 
second stage. The exognathus is proportionally no longer than in 
the first and second stages, and has the same number of setae at the 
extremity as in the second stage ; these sette (plate XVT, fig. 2, en- 
larged 100 diameters) are, however, proportionally a little shorter and 
stouter, the inner, and longer, of the three terminal ones is a little 
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below the tip, and the two npoD the inner side are utill further from 
the tip than in the second stage. 

The second madllfe have not changed from the last stage, ex- 
cept in a sUght increase in the number of setfe npon the lobes of the 
endognatbuB, and a similar increase in the stout plumose hairs upon 
the mai^ns of the epignathus, of which the posterior lobe is a little 
broader than in the second stage. 

In the first maxillipeds (plate XYI, fig. 7, enlarged 40 diameters), 
the anterior portion of the endognathus is proportionally larger and 
the spines upon its inner margin are more numerous than in the first 
and second stages. The mesognathus has the same number of term- 
inal setfB (fig. ^a, enlarged 100 diameters) as in the earlier stages, but 
there are several short hturs along the outer margin, and three set« 
upon the inner side of the distal end of the basal segment. The exo- 
gnathuB }ias increaBed considerably in length, and its extremity has 
begun to show slightly the fiagelliform character, although there are 
as yet no distinct articulations, and only three or four short hairs on 
the inner margin near the tip. 

In the second maxillipeds, the endognathus has become slightly 
compressed and the meral segment is longer in proportion, but other- 
wise is nearly as in the first stage. The exognathus has increased 
somewhat in length, and the terminal portion shows two or three dis- 
tinct segments and several quite long plumose and jointed hairs, thus 
clearly indicating its flagelliform character. The epignathus (plate 
XVI, fig. 11, enlarged 40 diameters) has increased slightly in size, and 
the branchial appendage at its base appears as a well defined lobe 
(fig. 11, fi) longer than the breadth of the epignathus itselC 

The external maxillipeds show a slight change toward the adult 
form. They have not increased in size so rapidly as the legs, and the 
form and proportions of the segments of the endognathus are quite 
difierent, the segments being slightly flattened and angulated on the 
inner margin, the ischial, meral and propodal segments about equal 
in length and longer than the others, the articulation between the 
ischium and menis oblique, and the distal portion carried bent in- 
ward by a marked geniculation between the merus and carpus and a 
slight one between the propodus and daetylus. The terminal seg- 
ment also is longer and more slender than in the earlier stages, and 
the spines at the tip and on the whole inner margin of the endogna- 
thus are proportionally smaller, although of about the same number 
as in the adult There are no indications of teeth or crenulations 
upon the inner margin of the ischium. The ezognatbos is relatively 
shorter than in the earlier stages, having increased scarcely at all in 
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dze. The flagelliform portion is compoeied of the same nnniber of 
Begtnente as in the earlier stages, but the plumose hairs are somewhat 
shorter. The epignathoa has increased much in size, has entirely lost 
its sack-like character, and is Aimished with a few hairs along the 
margins. The three branchial appendages have also increased much 
in size, and are lobed along the sides. The epignathus and branchial 
appendages are in the same stage as those upon the second pair of 
legs (plate XVII, fig, 3, enlai^ed 20 diameters). 

The anterior legs (plate XVII, fig. 11, distal extremity of one, 
enlai^d 20 diameters) have increased very much in size, and I>egin 
to resemble somewhat those of the adult, although they are still just 
alike on the two sides, and differ very conspicuously in the form of 
the propodus, which has the lower margin nearly straight, the upper 
margin convex, and the fingers thus somewhat deflexed, while in the 
earliest state of the adult form the lower margin is strongly convex 
and the fingers turned slightly upward. The endopodas reaches be- 
yond the extremities of the other legs by the full length of the 
propodus, is proportionally very much stouter than they, and ia fur- 
nished with only short spinules and hairs. The propodus is broad 
and stout, the inferior margin nearly straight, and the digital portion 
about two-thirds as long as the basal and tapering to an obtuse ex- 
tremity. The dactyluB is strongly curved downward toward the tip, 
which is slender but not acute. The exopodus is proportionally much 
smaller than in the second stage, being absolutely about as large and 
having the same number of segments in the flagelliform portion but 
furnished with shorter plumose hairs. The epipodns and the branchial 
appendages are like those of the external maxillipeds and have evi- 
dently began to perform the same functions as in the adult. 

The second and third pairs of legs (plate XVIl, fig. 3, one of the 
second pair enlarged 20 diameters) have increased conuderably in 
size and become truly cheliform. The inferior margin of the propodus 
is armed only with very small spines, but there is still, as in the 
earlier stages, a long spine armed with acute teeth, on each side at 
the base of the dactylus, and the digital portion ia nearly as long as 
the dactylus, is minutely toothed along the inner edge and terminates 
in a very short stylifonn tip. The dactylus projects only slightly 
beyond the propodus and like it is toothed along the inner edge and 
tenninates in a slender tip. The exopodus, epipodns and branchial 
appendages are like those parts in the anterior lege as well as in the 
fourth pair. 

The fourth pair of legs are of the same length as the second and 
third, the spines upon the propodus are relatively a little shorter than 
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in the second stage, while the dactylue iteelf is relatively louger, bat 
ia terminated by a shorter stylet. 

The poBterior legs (plate XVII, fig. 7, terminal portion of one, 
enlarged 40 diametere) have changed precisely in the same way as 
those of the fourth pair. 

The abdomen is armed with the aame number of dorsal spines as 
in the iirst and second stages, but they are all much smaller than 
in the second stage. The lateral angles of the second to the fifth 
segments project in sharp angular teeth, which are much shorter and 
broader than in the earlier stages and project obliquely backward and 
downward. 

The telsoD (plate XIV, fig. F, enlai^ed 15 diameters, a, one of the 
plumose sette, enlai^ed TS diameters, and plate XVIII, fig. 3, enlarged 
20 diameters) is of nearly the same form as in the second stage, but 
is proportionally much smaller — although absolutely fully as large— 
considerably broader at base, and the setee and spines are very much 
smaller. The natatory legs of the second, third, fourth, and fifth 
segments (plate XVIII, fig, 6, one of the legs of the third segment, 
enlarged 30 diameters) have increased much in size, the lametlte are 
fully twice as long as in the second stage, are somewhat lanceolate in 
form, and the margins of the distal half show a slight indication of 
segmentation and are fiimished with very short rudimentary setw 
clothed with very short hairs (fig, Oa, enlarged 100 diameters). 

The appendages of the penultimate segment (plate XVIII, fig, 3, 
enlarged 20 diameters) are well developed, although relatively smaller 
and otherwise quite different from those of the adult. The outer 
lamella is broad; rudely oval, wholly without a transverse articula- 
tion near the extremity, and the outer margin is naked and nearly 
straight for two-thirds its length, then obliquely truncated at a slight 
angle and continuous in a regular curve with the posterior and inner 
margins, and clothed all the way, except near the base of the inner 
side, with long plumose setie (plate XVIII, fig, 3a, enlarged 50 diam- 
eters) articulated to the margin but apparently not divided into seg- 
ments like the setse of the exopodal branches of the cephalothoracic 
legs. The inner lamella is a little smaller than the outer, more regu- 
larly ovate, and margined all round, except near the base, with 
plumose setfe like those upon the outer lamella. 

The only specimens procured in this stage were taken July 8 and 
15. In color they were less brilliant than in the earlier stages, the 
orange markings being duller and whole animal slightly tinged with 
greenish brown. 
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Early stage* of the aduUform. 

Between this stage and the third larval stage there is possibly an 
iDtermediate form wanting. The changes in the whole appearance of 
the animal have been so mnch greater than between the tirst and 
second or between the second and third larval stages, that, although 
the difference in size is inconsiderable, the whole change did not per^ 
haps take place at one molt. 

In this stage the animal is about three-tifths of an inch (14 to i?™*") 
long, has lost all its schizopodal characters, and has assumed the 
more important features of the adult lobster. It still retains, how- 
ever, the free-swimming habit of the true larval forms, and was fre- 
quently taken at the surface, both in the towing and hand net. Al- 
though it resembles the adult in many features, it diders so much 
that, were it an adult, it would undoubtedly he regarded as a distinct 
genus. 

The carapax has nearly the same form as in the adult, being longer 
and proportionally narrower than in the third larval stage, and not 
gibbous upon the sides posteriorly. The areolation is as distinct as 
in the adult. The tooth upon the anterior margin, just over the base 
of the antenna, is rather more prominent than in the adult, but there 
seems to be no small spine back of this on the side of the carapax as 
there is in the adult. The rostrum (plate XV, figs, 4 and 5, enlarged 
10 diameters) is about two-fifths as long as the carapax including the 
rostrum, broad, expanded in the middle, and terminates in a slender 
bifid tip (fig. 4ffl, enlarged 26 diameters). The edges are clothed with 
plumose sette (fig. 4ft, enlarged 50 diameters) and three or four teeth 
on each side besides a small one near the base and a little way back 
from the margin, and in some specimens with a minute additional 
spine on each side near the slender terminal portion. 

The ocular peduncles are elongated and of nearly the same form as 
in the adult. 

The antennulfe {plate XV, fig. 10, enlarged 20 diameters) have 
assumed the form and character of those of the adult. The haeal 
segment is broad and has a well developed auditory chamber contain- 
ing otolithes and similar to that of the adult, although, in the alco- 
holic specimens examined, the chamber appeared to be open while in 
the adult it is closed. All the segments of the peduncle have a few 
hairs or sette upon the outside, and the ultimate and penultimate ou 
the inside also. The flagella are nearly equal in length, the outer 
being slightly longer, and extend only a little beyond the tip of the 
rostrum. The outer flagellum is very stout, composed of ten to twelve 
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segments, most of which are f» hroad as long, and is famished along 
the inner side, especially on the distal portion, with many short, stout 
and jointed setie. The terminal segment is elebder, scarcely half as 
thick aa the others, much longer than broad, and obtusely rounded at 
the tip. The inner flagellum is slender and composed of nine or ten 
segments, which are nearly all twice as long as broad, and furnished 
at the distal end with several very short hairs. The terminal seg- 
ment ie slightly narrower than the others, and obtusely rounded and 
furnished with four short hairs at the tip. — In the full grown adult 
lobster the antennulee differ in having much longer and more slender 
flagella, the inner being a little longer than the outer, and both extend- 
ing for more than three-quarters of their length beyond the rostrum. 
The outer flagellum is composed of a great number of very short 
segments, and the terminal portion tapers to a long slender tip and 
is furnished along the inner side with numerous sette as in the earlier 
stage. The inner flagellum is not so much more slender than the 
outer as in the earlier stage, and is composed of very numerous seg- 
ments which are aa broad, or nearly as broad, as long. 

The antennie (plate XV, fig. 12, enlarged 10 diameters) still retain 
some marked characters of the larval stage. The second segment of 
the peduncle projects into an angle on the outside at the base of the 
scale, not into a stout tooth as in the adult. The scale is atill quite 
large and lamelliform, projecting half its length beyond the pedimole. 
and is fumiahed on the inner margin with long plumose setw as in 
the larval stages, though in this stage the mai^in projects in a slender 
process at the insertion of each seta. The flagellum is slender, fully 
as long as tlie carapax to the tip of the rostrum, and is composed of 
thirty-aix to forty BcgmentB which are as long aa or much longer than 
broad, and furnished at the distal end with several short hairs or 
setn. — In the full grown adult lobster the autennal scale is reduced 
to a stout tooth-like appendage extending scarcely beyond the fourth 
segment of the peduncle and with a thick expansion upon the inner 
side, and the atout tooth at its base is nearly aa large as the scale it- 
sell The flagellum is fully twice as long aa in the young atate, and 
is composed of very numerous abort segments closely articulated 
together. 

The mandibles (plate XV, fig. 19, enlarged 25 diameters, and fig. 
20, left one seen from the inside, enlarged 40 diameters) have lost the 
lamelliform proceaaea and approach in general form those of the 
adult, but the crowna are much less maaaive and their edges are con- 
spicuously dentate. The palpi have the same form as in the adolt. 
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the terminal eegment being broad, flattened, clotbed with Dnmeroiis 
setae, and acting within the edges of the crowns as in the adult. 

The firet maxilUe (plate XVI, fig. 3, enlarged 20 diameters) have 
the proximal lobe (fig. 3, a) of the endognathns rounded at the ex- 
tremity as in the adult but with much fewer setse, while the distal 
lobe {iig. », b) is not expanded at the end as in the adult and, like the 
proximal lobe, has fewer setae. The exognathna (fig. 3, c) is composed 
of two segments as in the adult, but the terminal segment is much 
Bhorter than the other, nearly straight, and naked to the extremity, 
which is tipped with three setse of different lengths, while in the 
adult this terminal segment is as long as the basal, curved sinuously 
backward and outward, is ciliated along the inner or anterior margin, 
and tipped with numerous sette. 

The second maxill» (plate XVI, fig. 5, enlarged 20 diameters) differ 
but slightly from those of the adult. The anterior of the four lobes 
(fig. 6, a) of die endognathus is rounded at the extremity, while in the 
adult it is subtruncate, and the extremities of all the lol>es are armed 
with fewer setse than in the adult. The exognathus (fig. 5, b) is rela- 
tively longer than in the adult, but is Aimished with only a few hairs, 
while in the adult it is thickly ciliated along the inner edge and at 
the tip. The epignathus (fig. fi, 0) is relatively a little smaller than 
in the adult. 

In the first raaxillipeds (plate XYT, fig. 8, enlarged 20 diameters) 
the endogathus (fig. 8, a) is slightly narrower than in the adult and 
has fewer marginal sette. The terminal segment of the mesognathus 
(fig. 8, b) is narrow, tapers to an obtuse extremity and has but a very 
few marginal cilia, while in the adult it is ovate in outline and closely 
fringed with cilia. The exognathus (fig, 8, c) is a little shorter than 
in the adult, and the terminal flagelliform portion is composed of a 
few (seven or eight) segments as long as broad and furnished at the 
distal ends with long plumose hairs, while in the adult the segments 
are very short and numerous and the hairs quite short The epigna- 
thus is not prolonged posteriorly into so long and slender a point as 
it is in the adult. 

In the second maxillipeds (plate XVI, fig. 12, enlarged 20 diame- 
ters) the endognathus is only sparsely armed with spines and sette, 
while in the adult it is thickly beset with them. The exognathus 
(fig. 12, a) is nearly as long as in the adult, but the Hagelliform portion 
differs, as the same part in the first maxillipeds, in being composed 
of few segments with long plumose hairs, while in the adult the seg- 
ments are very numerous and the hairs short. The epignathus (fig, 1 2, 
h) is much shorter than in the adult and the branchial appendage 
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(fig. 12, c) is obtuse at the tip and has only a few lobes in the margin, 
while in the adult it is sleDder at the tip and is made up of nunierouB 
Blender papillte. 

The eudognathus of the external masillipedB (plate XVI, fig. 14, 
enlarged 10 diameters) has nearly the same form and proportions as 
in the adult, but is furnished with fewer and longer seUe, and the 
teeth upon the inner angle of the ischium are fewer and more acute. 
The exognathus (fig. 14, n) is relatively no longer than in the adult, 
but the flagelliform portion is composed of fewer segments and is 
furnished with much longer plumose setae. The epignathus (fig. 14, h) 
is much shorter than in the adult, and is not prolonged as there into 
a long and slender extremity. The three branchial appendages (fig. 
14, c) are proportionally shorter and more obtuse than in the adult, 
and have comparatively few and short papilln. 

The anterior cephalothoracic legs (plate XVII, fig. 12, terminal 
portion of the right one, enlarged 10 diameters) are alike on the two 
sides, are considerably longer than the carapax to the tip of the ros- 
trum, and are formed much like the smaller one in the adult, although 
considerably more slender and wanting the stout teeth upon the 
upper edge of the basal portion of the propodus. 

The legs of the second and third pairs (plate XVII, figs. 4, and 
4a, one of the second pair, enlarged 20 diameters) are of the same 
form and proportions as in the adult, but are armed with fewer and 
relatively longer spines and setie. 

The legs of the posterior and penultimate pairs (plate XVII, fig. 8, 
terminal portion of one of the posterior pair, enlarged 20 diameters), as 
well as those of the second and third pairs, are like those of the adult 
in form and proportions, but are armed with fewer spines and sette. 

The abdomen (plate XVIII, fig. 10, side view of the second to fifth 
segments, enlarged 8 diameters, and fig. 4, telson with the appendages 
of the penultimate segment on one side, enlarged 20 diameters) is 
scarcely as long as the cephalothorax, including the rostrum, while in 
the adult it is considerably longer. The lateral angles of the second, 
third, fourth, and fifth segments are prolonged downward into long 
and acute teeth, and the second segment is similar to the following 
ones and overlaps the first segment scarcely at all. In the full-grown 
adult, the sides of the second segment are broad, overlap the first 
segment, and are truncated below with the anterior angle rounded 
and the posterior rightangled, while the sides of the third, fourth, 
and fifth segments are narrow and have the postero-lateral angles 
projecting backward in a slight tooth. No ajipendages could be 
found upon the first segment. The natatory legs of the second, third. 
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fourth and fifth aegments (plate XVIII, fig. 7, one of the legB of the 
, third Begment, enlarged 20 diametere) are proportionally lai^er than 
in the adult, the terminal lamellsB especially being much longer and 
liimiBbed with very long plumose and jointed seUe (plate XVIII, 
fig. la, enlai^ed 100 diameters). 

The telBon (plate XVIII, fig. 4, enlarged 20 diameters) is nearly 
quadrangular, as wide at the extremity as at the baoe, and the pos- 
terior margin is arcuate, but does not extend beyond the prominent, 
apiniform lateral angles, and is furnished with long plumose hairs. In 
the adult the telson is not quadrangular, but much narrowed toward 
the extremity, which is strongly arcuate, nearly semi-drcular and pro- 
jects far beyond the small dentiform lateral angles. The lamella' 
of the appendages of the penultimate segment (fig, 4) are regularly 
oval and margined with long plumose hairs, and the outer lamelhe 
have a transverse articulation near the tip as in the adult, although 
the proximal side of this articulation is not armed as in the adult 
with numerous slender teeth, but with only a single obtuse one near 
the middle. In the adult the lamellae are not regularly oval but 
broader distally and somewhat truncate at the extremitiea 

In color they resemble closely the adult,.but the green of the back 
is lighter, and the yellowish markings upon the claws and body are 
proportionately larger. 

In this stage, the young lobsters swim very rapidly by means of 
the abdominal legs, and dart backward, when disturbed, with the 
caudal appendages, frequently jumping out of the water in this way 
like shrimp, which their movements in the water much resemble. 
They appear to live a large part of the time at the surface, as in the 
earlier stages, and were often seen swimming about among other 
surface animals. They were frequently taken from the 8th to the 
28th of July, and very likely occur much later. 

Specimens in this stage vary considerably in size, and it is barely 
possible that they represent two difierent molts. The following mea- 
surements of three specimens taken at difierent dates ill nst rate these 
difierencee in size. 

Jul; U. July M. JnlT «. 

Length from tip of roatmm to extremit? of telsoo, UO"™- lfi2'°"- 16'8^ 

" of carepai to tip of Toatnim, 68 8-2 8'* 

" "rostrum, 2-7 3-2 3S 

Breadth of CArapaot, 2* 2-9 3t 

Length of propodus of voterior leg, ri^t side,... 4-2 6'3 G-4 

" " daCtjluB " " " " ... 2'l) 2-6 2-B 

" " prapodua " " left Bide, 4-3 B-3 6-i 
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From the dates on which the different forme were taken, and from 
the known rapidity with which the young of allied genera increase in 
size and come to the mature form, there can be no doubt that the 
yonng pass through all the stages I have described in the course of a 
single season, and it is probable that the largest of the young just 
mentioned had not been hatched from the egg more than six weeks 
and very likely only a much shorter time. How long the young 
retain their free -swimming habit after arriving at the lobster-like form, 
was not ascertained. 

Specimens three inches in length have acquired nearly all the char- 
acters of the full grown adult. The rostrum ia not more than a 
fourth of the length of the carapax including the rostrum, and in 
form is more like that of the second and third stages of the larvs 
than that of the earliest stage of the adult form. It is regularly and 
very narrowly triangular, the terminal third slender, spiniform and 
unarmed as seen from above, but broader as seen in a lateral view and 
armed below with two small teeth directed forward, the middle por- 
tion armed each side above with two spiniform teeth, the posterior 
one slightly the soialler, and sometimes a third, still smaller one, 
back of the others. 

The antennuUe are about two-thirds as long as the carapax includ- 
ing the rostrum, the peduncles reach nearly to tip of the rostrum, 
and the inner flagella are slightly longer than the outer. The flagella 
of the antennie are nearly as long as the rest of the animal, and the 
peduncle reaches nearly to the tip of the rostrum. The antennal 
scale is itill considerably larger proportionally than in the full grown 
adult, reaching nearly to the extremity of the peduncle, but it is 
rednced to a stout tooth-like appendage with a lamellar expansion 
upon the inner side. 

The mandibles are nearly as massive as in the full-grown adult, and 
the posterior portion of the outer edges of the crowns are smooth and 
continuous and not dentate, as in the earlier stages. 

The anterior cephalothoracic legs are relatively very much stouter 
than in the earlier stages and arc unlike on the two sides, as in the 
full-grown, the propodus upon one side being much broader than 
upon the other and the prehensile edges of the propodus and dactylus 
wanting the dense clothing of short hairs or seta; which are conspicu- 
ous upon the other leg. 

The sexnal appendages upon the first segment of the abdomen are 
fiilly devu!oj>ed. The sides of all the abdominal segments, the telson, 
and the appendages are almost exactly as in the fiill-grown. 
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For convenience of -comparison, tfae detailed meaBuremente of the 
yoang in these different stages are arrauged together on p. 378. 

A comparison of the larval stages of the European lobster with 
those of our own species would be very important and interesting, 
but as far as I can learn, no complete figures or descriptions of the 
larval stages of the European lobster after leaving the egg have been 
published. Rathke's* figures of the embryo of the European lobster 
just before leaving the egg, indicate the base of the antennula as com- 
posed of three distinct segments, the branchial appendages of the 
external mazillipeds and the cephalothoracic lege as much further 
advanced than they are in the first larval stage of the American 
lobster described in this paper, and the appendages of the penul- 
timate segment of the abdomen are already represented by small 
lobes beneath the abdomen. In the same stage of the embryo, the 
lateral spines upon the second to the fifth segments of the abdomen 
have appeared, but no dorsal spines are indicated in the fignres. 
Kroyer'sf figures of the embryo, apparently at nearly the same stage 
of development, represent some of the appendages very differenL 
The anterior cephalothoracic legs are represented as truly cheliform, 
the lateral spines upon the segments of the abdomen are mistaken 
for abdominal legs and represented as each composed of two seg- 
ments, while the telson is represented as quite different in form from 
either Rathke's fignres or from those of any stage which 1 have ob- 
served in the American lobster. 

Of all the larval stages of other genera of Crustacea of which I have 
seen figures or descriptions, there are none which are closely allied to 
the early stages of the lobster. Astacus, according to Rathke, leaves 
the egg in a form closely resembling the adult, the cephalothoracic 
legs having no esopodal branches and the abdominal legs being 
already developed. Of the early stages of the numerous other genera 
of Astacidea and Tbalassinidea scarcely anything is known, but as 
far as is known none of them appear to approach the larvie of the 
lobster. Most of the species of Crangonidte and Paltemonidie — among 
the most typical of macrourans — of which the development is known, 
are hatched from the egg in the zo§a stage, in which the five poste- 
rior pairs of cephalothoracic appendages or deoapodal legs are wholly 

* Beitntge zur vergleicbesden Anatomie nod Phj^iok^e, Qber die RQckschreileiide 
UetamorphoM der Theirs, Danzig, 1S42, p. ISO, plata ii. 

I UoQDgr&fisk Fremstilliiig of SUegteD Hippolyte's Dordiske Arter, med Bidrag til 
DekapodemeB Udvik1ing«hi8torie (Eoi^l. DauBke Videtuik. Selsk. naturvid. og rnaUiem. 
r, ix Deel), Kj&beubaTeit, IS42, p. 261, plate vi 
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wanting, ae are also the abdominal legs, while the two anterior pairs 
of maxillipeds, or all of them, are developed into locomotive or- 
gane.* In no period of their development do they have all the deca- 
podal legs furnished with natatory exopodat branches. There are 
undoubtedly lai^val foi-ms closely allied to those of Homarus in 
some of the groups of macrourans, although they appear to be as yet 
unknown. 

Notwithstanding these larval forms of the lobster seen to have no 
close affinities with the known larrte of other genera of macrourans, 
they do show in many characters a very remarkable and interesting 
approach to the adult Schizopoda, particularly to the Mysidse. This 
appears to me to furnish additioual evidence that the Schizopods are 
only degraded macrourans much more closely allied to the Sergestidge 
than to the Squilloidea. 

* The foUonJDg Bhort description of the young of Faiiemantta mtigarii (the conunon 
prawn ortnmspftrent Bhrunp of the southern coast of New Euglttad) sood after hsteli- 
ing and when about 3'°°' long, will serve as an example of a coDunon form of the 
early stage of the larvae in these fanuliea : The cephalothorai is short and broad with 
■ slender apinifonn rostrum in front, an esonnous compound e;e each side at the «d- 
terioT margin, and a small simple eye in the middle of the carapai. The autennulee 
are quite rodimentary, being short and thick appendages projecting a little way in 
front of the head; tbe peduncle bears at its extremity a very short obtuse segment 
representing the primary Bagellum, and inside, at the bsee of this, a much longer 
plumose seta. The antennte are slightly longer than the antenuuke; the short pedun- 
cle bears a stoat appendage, corresponding to the antannal scale, the terminal portion 
of which is articulated and furnished with long plumose setie, and on the inside at the 
base of the scale, a slender process corresponding to Uie Qagellum, terminated bj a 
long plumone seta. The first and second p^rs of maxillie are well formed and ap- 
proach those of tlie adult. The three pairs of maxillipeds are all developed into 
powerful loccmotive appendages ; the inner branches, or endognathi, being slender 
pedif orm appendages terminated by bng spines, while the outer branches, or exi^inathi, 
are long swimming appendages like the swimming branches of the legs of the young 
lobsters in the first Btage. Both branches of the first maxillipeds are considerably 
shorter than those of the following pairs, but otherwise like them, and the inner 
branch of the second pair is somewhat shorter than that of the third, but its outer 
branch is about as long M that of the third pur. The five pairs of cephalothoracic 
l^a are wanting, or only represented by a cluster of minute sack-like processes Just 
behind the outer maxillipeds. The abdomen is \ODg and slender, wholly without ap- 
pendages beneath, and the last segment is expanded into a short and very broad 
caudal lamina, the posterior mai^n of which is truncate with the lateral angles 
rounded; these angles each bear three, and the posterior margin itself eight more 
Bloat plumose selie, the setse of the posterior margin being longer than those upon the 
angles, and separated by broader spaces in which tlio margin is armed with numerous 
very small sets. They arrive at the adult fonn before they are more Chan 6""" long. 
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The following meaaurements of single Hpecimens of the difiereut 
stages of the larvie, of the earliest Btage of the adult form, and of two 
small specimens of different sizes of the adult, illustrate better than 
the degcriptions and figures the relative increase in size in the whole 
animal and in some of the parts. The length of the rostram is taken 
from the posterior margin of the orbit, the lengths of the external 
maxilliped and the cephalothoracic legs from the base of the epipodus 
or epignathuB to the extremity of the dactylue, and the length of the 
propoduB and dactylus includes in each case the terminal styliforin 
portion. 



Length from tip of Toatnim to end of telsoD, Y'9'™' 

" of CArapki to tip of rostrunt, 3'6 

" " rostrum, I'T 

Breadth of carapai, 16 

Length of antenuula, I'D 

" '' inner flif^ltum of antennula, . 0*0 
" " outer " " " 0-0 

" " flagellum ol antenna, -66 

" " antennal scale. l-OO 

" " external maiilliped, 2-7 

" first cepbolothoracic leg, ri^t, 2-5 

" " its propodua, -ft 

" " dactylus, •^ 

Breadth of propodua, A 

Length of first cephalothoradc leg, left,.. 3-E> 

'■ " its propodus, S 

" " dactylus, ■! 

Breadth of propodus, *4 

Length of second cepbalothoradol^, ... 25 

" " its meruB, -45 

" " carpus, '26 

" " propodua, -70 

" " dactylus, -72 

" " third cephalothoraeic leg, 2-6 

" " fourth " " 2-4 



' fifth 



. 2'3 
. -38 



" " its merus, 

" " carpus, 

" ■' dactylus, 

" " abdomen, 

" " telBon, 1'7 

Breadth of telson at base, -H 

" " " across its eitremily, 2*1 

Length of appendage of Uiird segment,.. 00 

" '■ its lamellic, O'O 



■28 
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EXPLANATION OF PLATES. 
PL4TB XIV. 

Figure A. — Lateral view of the Iarv&, in the first slsge, enlaTged 10 ditunetorii. 

Figure B. — The iame in a donial view, the abdomen held horizootallj. 

Figure C. — Aniennuta, enlarged 20 diameters. 

Figure D. — One of the cephalolhoracic legs of the second pair, enlarged 20 diamotern; 
a, eiopo4>ia; A, epipodue; c, branchial appendages. 

Figure E. — Lateral view of the larva in the third stage, enlarged 8 diaine(«rB. 

Figure F. — Termitial portion of the abdomen seen from above, enlarged lf> diameters ; 
a, ODD of the small spines of the posterior margin of the terminal seg- 
ment, enlarged T6 diameters. 

Rgure G. — Basal portioD of one of the cephaiotlioracio legs of the seoond pair, show- 
ing the epipodus and branchial appendages, onlai^^ 20 diameters. 

Plate XV. 
Figure I, — Roetnira seen from above, fir»t stage, enlarged 10 diameters. 
Figure 2. — Same, second stage, enlarged ID diameters. 
Figure 3. — Sune, third stage, enlarged 10 diameters. 
Figure 4. — Same, earliest ivadition of the adult form, enlarged 10 diameters. 4<i, tip, 

enlai^ed 25 diameters ; 4b, one of the marginal sebc, enlarged SO diameters. 
Figure 6. — Outline of another specimen of the same with the marginal scUc omitted, 

enlarged 10 diameters. 
Figure 6. — Anteonula of the right side seen from above, Qrst stage, enlarged 30 diam- 

Figure 7. — Same, from another specimen, at a little later period in the development, 
showing the antenniila of the next stage formed within the integument, 
enlarged 30 diameters. 

Figure a — Same, second stage, enlarged 20 diameters. 

Figure 9. — Same, third stage, enlarged 20 diameters. 

Figure 10. — Same, in the earliest condition of the adult form (when about IS in 

length), enlarged 20 diameters. 

Kgure II. — Antenna of the right side seen from abcvo, first stage, enlarged 30 diam- 
eters. 11a, portion from nesr the middle of one of the phtmoee hairs 
from the edge of the scale, enlarged 100 diamotera, 

P^re 13. — Same, in the eerliest condition of the adult form, enlarged 1 diameters. 

Figure 13. — Mandibles in place as soen from beneath, first stage, enlarged 2Sdiamelers. 

Figure 14. — Mandibles of the left side, seen from beneath in a little different position 
from Che last Bgme, enlarged 40 diameters; a, lamelliform process of the 
cot'onal margin ; 6, molar-liko area. 

Figure 15. — Mandibles in place as seen from tieneath, third stage, enlarged 25 diam- 
eters. IBa, outline of the edges of the lamelliform processes of tho 
coronal margins in the same position, enlarged 100 diameters. 

Figure 10. — Entire coronal margins of the same mandibles seen in a Uttle different 
position, enlarged 40 diameters. 

Figure 17. — Left mandible, of tiie same sUgf. seen from the inside so as to show ihe 
erown, enlarged 40 diameters ; a, recurved portion of the margin ; b, 
molar-like area. 
Txuta CoKNEOTiccT Ac*deht, Vol. II. 32 Dec, 1873. 
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Figure IS. — Right mandible of tlie aamo specimen and eoen in tfae name portion. 
Figure 19. — Outline of the mandibles in plaoe as seen from beneati;, from Uie efirUett 

condition ot the adult, enlarged 25 diameters. 
Figure 30.— Left mandible of the same specimen, seen from the inside, enlarged 40 

diameters. 

Plats XVI. 

Figure 1. — First mAiiUa of the right side seen from beneath, first stage, enlarged 40 
diameters; a, t, lobes of the endognathus; c, eit^nathus. la. tip of 
the exognathus, enlarged 100 diameters. 

Figure 2. — Tip of the eiognathua of the first maiills of the r^t side, third stage, 
enlarged 100 diameters. 

Figure 3. — First maxilla of the right side, earliest condition ot Oie adult form, enUiged 
30 diameters ; a,b,c, refer to the swne parts as in figure 1. 

Figure 4. — Second maiiUa of the right side seen from beneath, first stage, enlarged 
40 diameters ; a, lobes of the endognathus ; b, eiognathus ; c, epigna- 
thus. 4a, tip of the eiognathus, enlarged 100 diameters. 

Figure 6. — Seoond maiilla of the riKht side, earlieet condition of the adult, enlarged 
30 diameters; a, b,e, refer to the same parts as in figure 4. 

Hgure 6. — First mazitliped ot the right side seen from beneath, flnit stage, enlarged 
40 diameters; a, endognathus; b, mesognathus; c, eiognathus; d, flfRg- 
nathus. 6ti, tip of mesognathus, enlarged 100 diameters. 6b, one of the 
plumose sette from the margin of the eii^nathus, enlarged 300 diameters. 

Figure T. — First maiilliped ot the right side, third stage, enla^jed 40 diameters ; a, i, 
c, d, refer to the same parts as in figure 6. 7a, tip of the mesognathus, 
enlai^ied lOD diameters. 

Rgure 8. — First maiilliped ot the right side, earliest condition of the adult, enlarged 
40 diameters ; a,h.,e,d, refer to the same parts as in figures 6 and 1. 

Figure 9. — Second maxilliped, first stage, enlarged 40 diameters; a, eiognathus; b, 
epignathus. 

Figure 10. — Bp^athus ot the second maxilliped, seoond stage, enlarged 40 diameters; 
c, rudimentary branchial appendage 

Figure 11. — Same parte in the third stage, enlarged 40 diameters. 

Figure 13. — 9eoond maiiUiped of the right side, earliest condition ot the sdnlt, 
enlarged 30 diameters ; a, eiognathus : b, epignathus ; c, rudimentary 
branchial appendages. 

Figure 13. — Third (external) maiilliped of the right side, first stage, enlarged 2S diam- 
eters; a, exognathus; h, epignathus; e, rudimentary branchial append- 
ages. 

Figure 14. — Same maiilliped, earliest condition of the adult, eolaigad 10 diameters. 

Platb XTII. 

Figure 1. — Base ot one of the legs of the second p^r, first stage, enlai^^ 30 diam- 
eters; A, epipodus; c, rudimentery branchial appendages. In, eilremi^ 
of the same leg, enlarged the same amount. 

Figure 3. — One of the legs of the second pair, second stage, enlarged 30 diameters; 
a, eiopodus ; b, epipodus ; e, branchial appendages. 2a, one of the plu- 
mose selffi from terminal portion of the exopodus, enlarged 1 00 diameters. 
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Figure 3. — One of the legs ot the second pair, third stage, enlarged 20 diameters. 
Eigure 4. — Base of one of (he lege of the eeoond pidr, earliest condition ot the adult, 

eolai^ed 20 dituneters; a, b,e, refer to the same parts as inflgure 2. 4a, 

tenninel portion of the Bame leg, enlarged the same amount 
Figure 6. — One of the posterior cephalothoracic legs, second stage, enlarged 20 diam- 

eters ; a, ezopodue ; c, br&acbial appendage ; So, tenuinal portion of the 

same leg, enlarged 40 diameters. 
Figure 6. — Terminal portion of same leg, flrst stage, enlarged 40 diameters. 
Figure 7, — Same, third stage, enlarged 40 diameters. 
Figure 8. — Same, earliest uondition of the adult, enlarged 20 diameters. 
Figure 9. — Terminal portion of tiio anterior cepbalothoradc leg of the right side, Brat 

stage, enlarged 40 diameters. 
Figure 10. — Same, second stage, enlarged 20 diameters. 
Figure 11. — Same, third stage, enlarged 20 diameters. 
Figure IS. — Same, earliest condition of the adult form, enlarged 10 diameters. 

Plaib xvia 

Figure 1. — Extremity of the abdomen seen from above, first stage, enlarged 20 diam- 
eters. In, portion of one of Che aisles enlarged 40 diameters, showing 
the plumose marginal sette. 

figure 3. — Same, second stage, enlarged 20 diameters. 

Rgure 3. — Right side of the same, third stage, showing the appendages of the penulti- 
mate segment, enla^ted 20 diameters; 3a, marginal sette of one of the 
appendages of the penultimate segment, enlarged 50 diameters. 

Figure 4. — Terminal earnest of the abdomen and appendages of the penultimate seg- 
ment on one side, earliest condition of the adult form, enlai^ed 30 diam- 

Figure 6. — One of the appendages of the third segment of the abdomen, second stage, 

enlarged 30 diameters. 
Figure 6. — Same, third stage, enlarged the eame amount Ga, one of the rudlmentery 

marginal sehe, enlarged 100 diameters. 
Figure T. — Same, earheet condition of the adult form, enlarged 20 diameters. 7a, one 

of the marginul setse enlarged 100 diameters. 
Figure 8. — Lateral yiew ot the fourth segment of the abdomen, showing the dorssl 

and lateral spines, Qrst stage, enlarged 20 diameters. 
Figure 9. — Diagram of a section of the same segment seen from liehind, enlarged 30 

diameters. 
Figure 10. — Iditeral view of the middle portion of the abdomen, earliest condition of 

the adult form, enlarged 8 diameters. 
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XIV. A Method of Geometrical Rbprese station of the 
Thbrmodtnamii; PaoPEBTiKa of Substances by means of Sur- 
faces. By J, WiLLAKD (3IIIB8. 

The leading tbertnodynamic properties of a fluid are determined 
I)y the relations which exist between the volume, pressure, tempera' 
ture, energy, and entropy of a given mass of the fluid in a state of 
thermodynamic equilibrium. The same is true of a solid in regard to 
those properties which it exhibits in processes in which the pres- 
sure is the same in every direction about any point of the solid. 
But all the relations existing between these five quantities for any 
substance (three independent relations) may be deduced from the 
single relation existing for that substance between the volume, enei^y, 
and entropy. Tliis may be done by means of the general equation, 
di:=tdt/—pdv, (1)* 

th.tis, f=-(^X- I'" 

'=©.■ <»> 

where v,p, t, e, and t/ denote severally the volume, pressure, absolute 
temperature, energy, and entropy of the body considered. The sub- 
script letter after the differential coefficient indicates the quantity 
which is supposed constant in the diflerentiation. 

Representation of Volume, Entropy, Knergy, Presmire, and Tern- 
perat'ire. 
Now the relation between the volume, entropy, and energy may 
he represented by a surface, most simply if the rectangular co-ordin- 
ates of the various points of the surface are made equal to the vol- 
ume, entropy, and enei^y of the body in its various states. It may 
be interesting to examine the properties of such a surface, which we 
will call the thermodynamic surface of the body for which it is 
formed, t 

* Kor the demon EtTHtion of thin eqiintion, And in regard (o the unite used in the 
moaHiirement of the quuntities, the reader is referred to page 310 of thia volume. 

\ ProfeflBor J. ThomBou has proposed trad iiaed h Buriaoe in which the co-ordin«tes 
are proportional to the volume, pressure, »nd temperature of tlie body. (Proe. Roy. 
Soo.. Nov. iG. 181 i, vol. x\, p. I; and PMl. Mag., vol. ihii, p. 227). It ia evident, 
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To fix our IdeaB, let tlie axes of v, t}, and £ have the directions usu- 
ally given to the axes of X, T, and Z {v increasing to the right, r} 
forward, and £ upward). Then the pressure and temperature of the 
state represented by any point of the surface are equal to the tan- 
gents of the inclinations of the surface to the horizon at that point, as 
measured in planes perpendicular to the axes of r/ and of v respect- 
ively. (Eqs. 2 and S). It must be obeened, however, that in the 
first case the angle of inclination is measured upward from the direc- 
tion of decreasing w, and in the second, upward from the direction of 
increasing r/. Hence, the tangent plane at any point indicates the 
temperature and pressure of the state represontcd. It will be conve- 
nient to speak of a plane as representing a certain pressure and tem- 
perature, when the tangents of its inclinations to the horizon, meas- 
ured as above, are equal to that pressure and temperature. 

Before proceeding farther, it may be worth while to distinguish 
between what is essential and what is arbitrary in a surface thus 
formed. The position of the plane v^O in the surface is evidently 
fixed, but the position of the planes ii=0, f=0 is arbitrary, provided 
the direction of the axes of ;/ and f be not altered. This results from 
the nature of the definitions of entropy and energy, which involve 
each an arbitrary constant. As we may make ij=0 and £=0 for any 
state of the body which we may choose, we may place the origin of 
co-ordinates at any point in the plane v^O. Again, it is evident from 
the form of equation (1) that whatever changes we may make in the 
anits in whi<:h volume, eutr<ipy, and energy are measured, it will 
always be possible to make such changes in the units of temperature 
and pressure, that the equation will bold true in its present form, 
without the introduction of constants. It is easy to see how a change 
of the units of volume, entropy, and energy would affect the surface. 
The projections parallel to any one of the axes of distances between 
points of the surface would be changed in the ratio inverse to that in 
which the corresponding unit had been (ihanged. These considera- 
tions enable us to foresee to a (certain extent the nature of the gene- 
ral properties of the surface which we are to investigate. They must 
be such, namely, as shall not be affccteil by any of the changes men- 
tioned above. For example, we may find properties which concern 

however, that the relation beCweeD the vohime, preBSuro, and tempemture oflorda a 
leBB complele knowledge of the properties of the body than the relntiaa between the 
volume, entropy, and energy. For, while the former relation iseotirely determined hy 
the latter, and can be derived l^m it by differentiation, the latter relation is by no 
meanR determined by the former. 
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the plane ti=0 (as that the whole eurface must neceaaarily &11 on the 
poBitive side of this plane), but we muet not expect to find properties 
which concern the pUnea r/=:0, or f^O, in distinction from otheni 
parallel to them. It may be added that, as the volume, entropy, and 
energy of a body are equal to the sums of the volumes, entropieSi, and 
energies of its parts, if the surface should be constructed for bodies 
differing in quantity but not in kind of matter, the different sarfa49e8 
thus formed would be similar to one another, their linear dimensions 
being proportional to the quantities of matter. 

Nature of t/iat Part of the Surface which repreMnU States which are 
not Hoinogeneout. 
This mode of representation of the volume, entropy, energy, pres- 
sure, and temperature of a body will apply as well to the case In 
which different portions of the body are in different states (supposing 
always that the whole is in a state of thermodyuainic equilibrium), as 
to that in which the body is uniform in state throughout. For the 
body taken as a whole has a definite volume, entropy, and energy, as 
well as pressure and temperature, and the validity of the general 
equation (1) is independent of the iinifoi-mity or diversity in respect 
to state of the different portions of the body.* It is evident, there- 
fore, that the thermodynamic surface, for many substances at least, 

* It is, howerer, supposed in this equatioD th&t the variatioDB in the state of the 
bodj, to which dv, dn, ami dc refer, ore such aa maj be produced reva-sibly by eipan- 
aion and comprexsion or by addition snd siibtracCioD of heat. Heaoe, wbea the body 
coDSisCa of parts in different states, it Is necessary that these states should be such as 
can pass either into the other witliout aonsible diange of pressure or temperature. 
Otherwise, it would be necesaary to suppose in the differential equation (1) that the 
proportion in wbidi the t>ody is divided into the different states remains constant. 
But such a limitation would render the equation aa applied to a compound of differ- 
ent states valueless for our present purpose. If, however, wo leave out of aooouot 
the cases in which we regard Che states aa chemically different from one anotiier, 
which lie beyond the scope of this paper, experience justiSea ua in assuming the above 
condition (that either of the two statea eiiating in contact can paaa into the other with- 
out aen^ble change of the preasure or temperature), as at least approximately true, 
when one of the statea ia Quid. But if twth are solid, tiie necessaiy mobility of the 
parts ia wanting. It must therefore be understood, that the following discussiOD of 
the compound states is not intended to apply without limitation to the exoeptjoual 
cases, where we have two different solid states of the same substance at the aante prea- 
sure and temperature. It may be added that the thenDodyuBinic equilibrium whidi 
sut>siBt8 between two audi aolid states of the same substance differs from that which 
subeista when one of the states is Quid, very much as in statics an equilibrium whicA 
is maintained by friction differs from that of a frictiontess machine in which the 
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can be divided into two parts, of which one represents the homoge- 
neons states, the other those which are not so. We nhall sec that, 
when the former part of the surface is given, the latter can readily be 
formed, as indeed we might expect. We may thei-efore call the for- 
mer part the primitive surface, and the latter the derived snrface. 

To ascertain the nature of the derived surface and ite relations to 
the primitive surface Bufficiently to construct it when the latter is 
given, it is only necessary to use the principle that the volume, 
entropy, and energy of the whole body are equal to the sums of the 
volumes, entropies, and energies respectively of the parts, while the 
pressure and temperature of the whole are the same as those of each 
of the paits. Let us commence with the case in which the body is in 
part solid, in part liquid, and in part vapor. The position of the 
point detei-mined by the volume, entropy, and energy of such a com- 
pound will be that of the center of gravity of masses proportioned 
to the masses of solid, liquid, and vapor placed at the three points of 
the primitive surface which represent respectively the states of com- 
plete solidity, complete liquidity, and complete vaporization, each at 
the temperature and pressure of the compound. Hence, the part of 
the surface which represents a compound of solid, liquid, and vapor is 
a plane triangle, having its vertices at the points mentioned. The 
fact that the surface is here plane indicates that the pressure and tem- 
perature are here constant, the inclination of the plane indicating the 
value of these quantities. Moreover, as these values are the same for 
the compound as for the three different homogeneous states corres- 
ponding to its different portions, the plane of the triangle is tangent 
at each of its vertices to the primitive surface, viz : at one vertex to 
that part of the primitive surface which represents solid, at another 
to the part representing liquid, and at the third to the part represent- 
ing vapor. 

When the body consists of a compound of two different homogene- 
ous states, the point which represents the compound state will be at 

active forces tire bo bol&Dced, that the slightest change of foioe will produce motion 
in either dir«cCiou. 

Anottier limitation ia rendered necessary by the fact that in the foUowing discus- 
sion the magnitude and form of the bounding and dividing surfaces are left out of 
account ; bo that the results are in general strictlj valid only in cases in which the 
influence of these pBrticulara may be neglected. When, therefore, two states of the 
substance are spoken of as in contact, it must be understood that the surface dividing 
them is plane. To consider the subject in a more general form, it would be necessary 
to introduce consideralionB wliich belong to the theories of capillarity and ci^stsUiza- 
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the center of gravity of masses proportioned to the masses of the 
parts of the body in the two different states and placed at the points 
of the primitive surface which represent these two states (i e., which 
represent the volume, eutropy, and energy of the body, if its whole 
mass were supposed successively in the two homogeneous states which 
occur in its parts). It will therefore be found upon the straight line 
which unites these two points. As the pressure and temperature are 
evidently constant for this line, a single ))lane can be tangent to the 
derived surface throughout this line and at each end of the line tan- 
gent to the primitive surface,* If we now imagine the temperature 



* It is here shown that, if tvo different atates of the subtlMice are such that thsy 
can exist permanently in oontnct with each other, the points reprsBenting these states 
in the thermodjnainic surface tiave a common tangent plane. We sball aee hereafter 
that the converse of this is true, — that, if two points in the thermodjnamic siirface 
have a common tangent plane, tbe states represented are such as can permanently 
exist in contact ; and we shsJI also see what determines tbe direction of the discon- 
tinuous change which occurs when two different states of ilie same pressure and tem- 
perature, for which the condition of a common tangent plane is not satisfied, are 
brought into oontact. 

It is easy to express this condition analytically. Resolving it into the conditions, 
that the tangent planes shall be parallel, and Hiat they shall cut tbe axis of i at tbe 
same point, we have the equations 

c=r (3) 

c'- ('■/+ pv= ("-CV+ p"v", (rt 

where the letters which refer to the different states are distinguished by accents. If 
there are three slates whicli can exist in contact, we must have for those states, 

P'=P"=P"'. 
f = ("= C", 
c'-~Ci^+pV= t"— ("17"+?"""= ^"- »"V"+p"'t^'. 
These results are interesting, as they show us bow we might foresee whether two 
given states of a substance of tbe same pressure and temperature, can or cannot exist 
in contact. It is indeed true, tliat tlie values of t and 7 cannot lUce Uhhc of c, p, sad 
i be asoertained by mere measurements upon tlie substance while in the two states in 
question. It is necessary, in order to find the value of t"— r' or 17"— >f, lo carry out 
measurements upon a process by which the substance is brought from one state to the 
other, ind Ihit n«nj not be by a process in mhirk the bM given tlates ihall bt/ound in am- 
lact, and in some cases at least it may be done by processes in which the body remains 
always homogeneous in slate. For we know by the experiments of Dr. Andrews 
(Phil. Trans., vol. 159. p. 57ri), that carbonic acid may be carried from any of tbe 
states which we usually cnll liquid lo any of those which we usually call gas, without 
losing ita homogeneity. Now, if we had so carried it from a state of liquidi^ to a 
state of gas of tbe same pressure and temperature, making tbe preper measuremente 
in the process, we ahould be able to foretell what would occur if these two states of 
the substance should be brought together, — whether evaporation would take place, or 
condensation, or whether they would remain unchanged in contact, — althou^ we bad 
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and pressure of the compound to vary, the two points of the primi- 
tive surface, the line in the derived surface uniting them, and the tan- 
gent plane will change their positions, maintaining the aforesaid rela- 
tions. We may conceive of the motion of the tangent plane as pro- 
duced by rolling upon the primitive surface, while tangent to it in 
two points, and as it is also tangent to the derived surface in the lines 
joining these points, it is evident that the latter is a developable and 
forms a part of the envelop of the succeBsive positions of the rolling 
plane. We shall see hereafter that the form of the primitive Bur- 
fftce is Bucb that the double tangent plane does not cat it, so that this 
rolling Ib physically possible. 

From these relations may be deduced by simple geometrical consid- 
erations, one of the principal propositions in regard to such com- 
pounds. Let the tangent plane touch the primitive surface at the 
two points L and V (fig. 1), which, to fix our ideas, we may suppose 
to represent liquid and vapor; let planes pass through these points 
perpendicular to the axes of v and 7 respect- 
ively, intersecting in the line AB, which will be 
parallel to the axis of t. Let the tangent plane 
cnt this line at A, and let LB and VC be drawn 
at right angles to AB and parallel to the axes of 
r) and V. Now the pressure and temperature 
represt'nted by the tangent plane are evidently 

AC , AB . , , ., 

p^ and =-jr respectively, and if we suppose the 

ndver aeen the phenomenon of the coeiiaunce oE tliase two states, or of any othsr two 
BtaWB of this BubRtance. 

BquatioQ (>') nut? be put in a form in which ita validity is at once maDifesC for two 
sEatea which caa pasB either into the other at a oonstant pressure ood temperature. 
If we put p' aod C for the equivalent p" and f, the equation may be writlon 

e"-e'=i'(7"-rt-i''(f"-f'). 
Here the left hand member of the oquatioo repreaents the diSercnce of energy in the 
two atales. and the two termB on the right represent severely the heat received and 
the work done when the body passes from one state to the other. The equation may 
alao be derived at onco from the general equation (1) by integratioD. 

It iH well known that when the two Btntes being both fluid meet Ja a curved Burface, 

instead of (a) we have p"— p'= t(^ + — V 

where r and r' are the radii of Urn principal curvatures of the Burface of contact at any 
point (positive, if the concavity is toward the mnss to which p" refers), and T'm what 
iB called Oie tajivr/kiai tension. Equation (,?), however, holds good for such caseB, and 
it might easily be proved that the aamo is true of equation (>•). In other worda, the 
tangent planes for the pointa in the thermodynamic surface representing the two stales 
out (be plane v=0 in the same line. 
Tbams. Cohhbotioot Acadeht, VoL IL 33 Okc, 1873. 
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tangent plane in rolling upoo the primitive surfsice to tnrn about its 
instantaneous axis LV an infinitely small angle, so as to meet AB in 

A', lip and dt wiQ be equal to j™- 

dp _ BL _ 7" — t/ 

where v' and /;' denote the volume and entropy for the point L, and 
v" and t)" those for the point V, If we substitute for if — rf its 

equivalent - (r denoting the heat of vaporization), we have the equa- 



Properties of the Surface relating to Stability of Th^modynamic 
Eguilibrium. 

We will now turn our attention to the geometrical properties of 
the surface, which indicat« whether the thermodynamic equilibrium 
of the body is stable, unstable, or neutral. This will involve the cod- 
sideration, to a certain extent, of the nature of the processes which 
take place when equilibrium does not subsist. We will suppoM the 
body placed in a medium of constant pressure and temperature ; but 
aa, when the pressure or temperature of the body at its surface dif- 
fers from that of the medium, the immediate contact of the two is 
hardly consistent with the contiuuance of the initial pressure and 
temperature of the medium, both of which we desire to suppose con- 
stant, we will suppose the body separated firom the medium by an 
envelop which will yield to the smallest differences of pressure 
between the two, but which can only yield very gradually, and 
which is also a very poor conductor of heat. It will be convenient 
and allowable for the purposes of reasoning to limit its properties to 
those mentioned, and to suppose that it does not occupy any space, 
or absorb any heat except what it transmits, i. e., to make its volume 
and its specific heat 0. By the intervention of such an envelop, we 
may suppose the action of the body upon the medium to be so 
retarded as not sensibly to disturb the uniformity of pressure and 
temperature in the latter. 

When the body is not in a state of thermodynamic equilibrium, its 
state is not one of those which are represented by our surface. The 
body, however, as a whole has a certain volume, entropy, and energy, 
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which are equal to the aumR of the volumes, etc., of its parts.* If, 
then, we suppose points endowed with mass proportional to the 
masses of the varions parts of the body, which are in different ther- 
modynamic states, place<l in the poaitions determined by the states 
and motions of these parts, (i. e., so placed that their co-ordinates are 
equal to the volume, entropy, aiiit energy of the whole body supposed 
successively in the same stiites an<l endowed with the same velocities 
as the different parts,) the center of <;ravity of such points thus 
placed will evidently represont by its co-onlinates the volume, entropy, 
and energy of the whole body. If all parts of the body are at rest, 
the point representing its volume, enlropy, and energy will be the 
center of gravity of a number of points upon the piimitive surface. 
The effefct of motion in the parts of the body will be to move the 
corresponding points parallel to the axis of i, a distance eqoal in 
each case t<) the m'« iiimi of the whole body, if endowed with the 
velocity of the part represented; — the center of gravity of points 
thus determined will give the volume, entropy, and energy of the 
whole body. 

Now let us suppose that the body having the initial volume, 
entropy, an<l energy, »', ;/, and t', is placed (enclosed in an envelop as 
aforesaid) in a medium having the constant pressui'e P and tempera- 
ture T, and by the action of the medium and the interaction of its 
own parts comes to a final state of rest in which its volume, etc., are 
v'\ })", e"; — we wish to find a relation iKttween these quantities. H 
we regard, as we may, the medium as a very large body, so that 
imparting heat to it or compressing it within moderate limits will 
have no appreciable effect upon its pressure and temperature, and 
write Fi H, and E, for its volume, entropy, and energy, equation (1) 

which we may integrate regarding P and 7* as constants, obtaining 

E"-E=.TH"~Tir-PV"+Pr; (a) 

where E', E'\ etc., refer-to the initial and final states of the medium. 
Again, as the sum of the energies of the body and the surrounding 
medium may become less, but cannot become greater (this arises from 
the nature of the envelop supposed), we have 

e"+^" = f'+^'. (*) 

* As the disciiSBion is to apply to cases in vhicb the parts ot the body are in 
(senaibte) motion, it is neceiwar/ lo define the nenne in whioh the word energy ia to be 
used. We will use the word aa iadadiaq the vit viva of sensible nu>fiuu«. 
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Again, as the buiu of the entropies may iDcrease but cannot diminiBh 

,"+j?»J,'+jr. (c) 

Lastly, it ie evident that 

«"+ V'= .■+ v. (d) 

These four equations may be arranged with slight changes as follows : 
-E"+Tir"~PV"=-£:'+TIf'-PV' 

— Trf'- Tn"=—TT}'-TH' 

Po"-\-pv=Pv'+pv: 

By addition we have 

e'—Ttj"-\-Pt)"= B' -Tff +Po: («) 

Now the two members of this equation evidently denote the vertical 
distances of the points (»", rf, t") and (ti', f/, t') above the plane pass- 
ing through the origiu and representing the preBBure P and tempera- 
tare T. And the equation expresBes that the ultimate distance is less 
or at most equal to the initial. It is evidently immaterial, whether 
the distances be measured vertically or normally, or that the fixed 
plane repreBenting P and T should pass through the origin ; but dis- 
tances must be considered negative when measured from a point 
below the plane. 

It is evident that the sign of inequality holds in (e) if it holds in 
either (h) or (c), therefore, it holds in (e) if there are any differences 
of pressure or temperature between the different parts of the body 
or between the body and the medium, or if any part of the body has 
sensible motion. (In the latter case, there would be an increase of 
entropy due to the conversion of this motion into heat). But even it 
the body is initially without Heiisible motion and has throughout the 
same pressure and temperature as the medium, the sign <[ will still 
hold if different parts of the body are in Htates represented by points 
in the thermodynamic surface at diffei-ei it. distances from the fixed 
plane representing P and T. For it certainly holds if such initial 
circumatanceB are followed by differences of pressure or temperature, 
or by sensible velocities. Again, the sign of inequality would neces- 
sarily hold if one part of the body should pass, without producing 
changes of pressure or temjierature or sensible velocities, into the 
state of another part represented by a point not at the same distance 
from the fixed plane representing P and T. But these are the only 
suppositions possible in the ease, unless we suppose that equilibrium 
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snbButB, which vould require that the pointa iu question should have 
a common tangent plane (page 366), whereas by supposition the planes 
taugent at the different points are parallel but not identical. 

The results of the preceding paragraph may be summed up as fol- 
lows : — Unless the body is initially without sensible motion, and Ma 
state, if homogeneous, is such as is represented by a point in the 
primitive surface where the tangent plane is parallel to the fixed plane 
representing F and T, or, if the body is not homogeneous in state, 
□nleu the points in the primitive surface representing the states of 
its parts have a common tangent plane parallel to the fixed plane 
representing P and T, such changes will ensue that the distance 
of the point representing the volume, entropy, and energy of the 
body from that fixed plane will be diminished (distanues being con- 
sidered negative if measured ftvm points beneath the plane). Let 
ns apply this result to the question of the stability of the body when 
surrounded, as supposed, by a medium of constant temperature and 
pressure. 

The state of the body in equilibrium will be represented by a point 
in the thermodynamic surface, and as the pressure and temperature of 
the body are the same as those of the surrounding medium, we may 
take the tangent plane at that point as the fixed plane representing 
P and T. If the body is not homogeneous in state, although in equi- 
librium, we may, for the purposes of this dixcussion of stability, 
either take a point in the derived surface as representing its state, or 
we may take the points in the primitive surface which represent the 
states of the different parts of the body. These points, as we have 
seen (page 386), have a common tangent plane, which is identical with 
the tangent plane for the point in the derived surface. 

Now, if the form of the surface be such that it falls above the tan- 
gent plane except at the single point of contact, the equilibrium is 
necessarily stable ; for if the condition of the body be slightly altered, 
either by imparting sensible motion to any part of the body, or by 
slightly changing the state of any part, or by bringing any small 
part into any other thermod3mamic state whatever, or in aU of these 
ways, the point representing the volume, entropy, and eneigy of the 
whole body will then occupy a position ahove the original tangent 
plane, and the proposition above enunciated shows that processes 
will ensne which will diminisli the distance of this point from that 
plane, and that such processes cannot cease until the body is brought 
back into its original condition, when they will necessarily cease on 
account of the form supposed of the sur&ce. 
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On the other baud, if the surface have such a form that any part 
of it falls below the fixed tangent plane, the equilibrium will be 
Dnstable. Pur it will evidently be poasible by a slight change in the 
original condition of the body (that of equilibrium with the surround- 
ing medium and represented by the point or points of contact) to 
bring tlie point representing the volume, entropy, and enei^y of the 
body into a position bdow the fixed tangent plane, in which case we 
see by the above proposition that processes will occur which will 
carry the point still farther from the plane, and that such processes 
cannot cease until all the body has passed into som« state entirely 
different from its original state. 

It remains to consider the case In which the surface, although it 
does not anywhere fall below the fixed tangent plane, iievertbeless 
meets the plane in more than one point. The equilibrium in this 
case, as we might anticipate from its intermediate character between 
the cases already considered, is neutral. For if any part of the 
body be change<l ftom its original state into that represented hy 
another point in the thermodynamic surface lying in the same tan- 
gent plane, equilibrium will still subsist. For the supposition in 
regard to the form of the surface implies tliat uniformity in tempera- 
ture and pressure still subsists, nor can the body have any necessary 
tendency to pass entirely into the second state or to return into the 
original state, foi- a change of the values of Tand J" less than any 
assignable quantity would evidently be suflicient to reverse such a 
tendency if any such existed, as either point at will could by such an 
infinitesimal variation of T and F be made the nearer to the plane 
representing T and P. 

It must be observed that in the case where the thermodynamic 
surface at a certain point is concave upward in both its principal 
curvatures, but somewhere falls below the tangent plane drawn 
through that point, the equilibrium although unstable in regard to 
discontinuous changes of state is stable in regard to continuous 
changes, as appears on restricting the test of stability to the vicinity 
of the point in question ; that is, if we suppose a body to be in a state 
reprcseoted by such a point, although the equilibrium would show 
itself unstable if we should introduce into the body a small portion 
of the same substance in one of the states represented by points 
below the tangent plane, yet if the conditions necessary for such a 
discontinuous change are not present, the equilibrium would be sta- 
ble. A familiar example of this is afibrded by liquid water when 
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heated at any preaeure above the temperature of boiling water at 
that presflnre.* 

Ijcading Features of the Thermodynamic Surface for Sub»tance* 
which take the forms of Solid, Liquid and Vapor. 

We are now prepared to form ao idea of the general character ot 
the primitive and derived enrfaces and their mutual relatione for a 
substance which takes the forms of solid, liquid, and vapor. The prim- 
itive surface will have a triple tangeut plane touching it at the three 
points which represent the three states which can exist in contact. 
Except at these three points, the primitive surface falls entirely above 
the tangent plana That part of the plane which forms a triangle 
having its vertices at the three points of contact, is the derived sur- 
face which represents a compound of the three states of the sub- 
stance. We may now suppose the plane to roll on the under side of 
the surface, continuing to touch it in two points without cutting it. 
This it may do in three ways, viz : it may commence by tiuning about 
any one of the sides of the triangle aforesaid. Any pair uf points 
which the plane touches at once represent states which can exist per- 
manently in contact. In this way six lines are traced upon the sur- 
face. These lines have in general a common property, that a tangent 
plane at any point in them will also touch the surface in another 
point. We must say in general, for, as we shall see hereafter, this 
statement does not hold good for the critical point. A tangent plane 
at any point of the surface outgide of these lines ha8 the surface en- 
tirely above it, except the single point of contact. A tangent plane 
at any point of the primitive surface tetthi/i these lines will cut the 
surface. These lines, therefore, taken together may be called the 
limit of absolute st<tbility, and the surface outside of them, the sur- 
face of absolute stability. That part of the envelop of the rolling 
plane, which lies between the pair of lines which the plane traces on 
the surface, is a part of the derived surface, and represents a mixture 
of two states of the substance. 



* If we wish to express in a Hiogle equation the necesBsij and sufficient condition 
of thennodyDAiaLC equilibrium for a Bubstanro when Burroundod b; a medium of con- 
EtsDt preaaure P and temperature T, this equutlon may be written 

i{t -n + Pv) = 0, 
when i refera to the Fariatioti produced b? any vnriatioos in the state of the parta of 
the body, and (when different parta of the body are in different etatea) in the propor- 
tion in which the liody is divided between the different alalea. The coudition of etable 
equilibrium is that the value of the expreeaon in the parenthesis shall be a minitnum. 
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The relatioDfl of these lines and surfaces are rooghlf represented in 
horizontal projection* in figure 2, in which the full lines represent 
lines on the primitive surface, and the dotted lines those on the 
derived surface. S, h, and V are the points which have a commoD 
taof^ent plane and represent the states of solid, liquid, and vapor 
Fig. a. 




which can exist in contact. The plane triangle SLV is the derived 
surface representing compounds of these states. LL' and V^' are 
the pair of lines traced by the rolling double tangent plane, between 
which lies ttie derived surface representing compounds of liquid and 
vapor, W" and SS" are another such pair, between which lies the 
derived surface representing compounds of vapor and solid. SS'" 
and LL'" are the third pair, between which lies the derived surface 
representing a compound of solid and liquid. L"'LL', V'W" and 
S"SS"' are the boundaries of the surfaces whifh represent respectively 
the absolutely stable states of liquid, vapor, and solid. 

The geometrical expiession of the results which Dr. Andrews 
(PhiL Trans., vol. 159, p. 575) has obtained by his experiments with 
carbonic acid is that, in the case of this substance at least, the derived 
snrfoce which represents a compound of liquid and vapor is termina- 
ted as follows: as the tangent plane rolls upon the primitive surface, 
the two points of contact approach one another and iinally fall 

■ A liorizoDta] prDjectioD of the thennod3maiuic surface is identic*] with the dia- 
gram dOBcribect od pages 330-338 of this volume, under the oame of Uie volume- 
•Dbopr diagram. 
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together. The rolling of the (loubk; tangent plane nocessarily comes 
to an end. The point where the' two points of contiict fall together is 
the critical point. Before considering farther the geometrical char- 
acteristics of this point and their physical significance, it will be con- 
venient to investigate the nature of the primitive suriace which lies 
l>etween the lines whioh form the limit of absolute stability. 

Between two points of the primitive surface which have a common 
tangent plane, as those represented hy L' and V in figure 2, if there 
is no gap in the primitive surface, there must evidently be a region 
where the surface is concave toward the tangent plane in one of its 
principal cnrvatnres at least, and therefore represents states of unsta- 
ble equilibnnm in respect to continuous as well as discontinuous 
changes (see page -'!92).* If we draw a line upon the primitive sur- 
face, dividing it into parts which represent respectively stable and 
unstable equilibrium, in res|>ect to continuous changes, i. e., dividing 
the surface which is concave upward in both its principal curvatures 
from that which is concave downward in one or both, this line, which 
may be called the limit of essential instability, must Lave a form 
somewhat like that represented by KQvo'ss' in figure 2. it touches 
the limit of absolute stability at the critical point <J. For we may 
take a pair i>f points in LC and VC having a common tangent plane 
aa near to C as we choose, and the line joining them npon the primi- 
tive surface made by a plane section perpendicular to the tangent 
plane, will pass through an area of instability. 

The geometrical properties of the critical point in our surface may 
be made more clear by supposing the lines of curvature drawn upon 
the surface for one of the principal curvatures, that one, namely, 
which has different signs upon different sides of the limit of essential 
instability. The lines of curvatnn." which meet this line will in gen 
eral cross it. At any point where they do so, an the sign of their 
curvature changes, they evidently cut a plane tangent to the surface, 
and therefore the surface itself cuts the tangent plane. But where 
one of these lines of curvature touches the limit of essential instiibil- 
ity without crossing it, so that its curvature remains always positive 
(curvatures being considered positive when the concavity is on the 
upper side of the surface), the surface evidently does not cut the tan- 
gent plane, but has a contact of the third order with it in the section 
of least curvature. The critical point, therefore, must be a jKiint 

* This ie the aame result aa that obtained br Profei-aor J. TIiodirou in coniiovlion 
with the Burf[u« referred to in the note on page 'M'i. 
Trane CoHUKcncDT Acadbvt, VoL II. 34 Dec, 1873, 
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where the line of that [irincipiil curvature wliich changes its sign 
is tangent to tlie I in u which separalen positive from negative curv- 
aturi'B. 

From the last paragraphs we may derive the following physical 
property of the critical state: — Although this is a limiting state 
between those of stability and those of instability in respect to con- 
tinuous changes, and although such limiting states are in general 
unstable in respect to such changes, yet the critical state is stable in 
regard to them, A similar proposition is true in regard to absolute 
stability, i. e., if we dbregarii the distinction between continuous and 
discontinuous changes, viz; that although the critical state is a limit- 
ing state between those of stability and instability, and although the 
eqnilibrinm of such limiting states is in general neutral (when we anp- 
pose the substance surrounded t»y a medium of constant pressure and 
temperature), yet the critical point is stable. 

From what has been said of the curvature of the primitive surface 
at the critical point, it is evident, that if we take :t point in this sot^ 
face infinitely near to the critical point, and such that the tangent 
planes for these two points xhall intersect in a line perpendicular to 
the section of least curvuture at the critical point, the angle made by 
the two tangent planes will he an infinitesimal of the same order as 
the cube of the distance of these points. Ifence, at the critical point 

\dvlt'~ ' \di/ft ' \(lv/p~ ' \diiip~ ' 



(£?),=». 



i<Pp\ _ l<Pt\ _ idH\ 

\d^ii~ ' \dr*)p- ' wjp- 



and if we imagine the isolhermal and isopiestic (line of constant pres- 
sure) drawn for the critical point upon the primitive surface, these 
lines will have a contact of the third order. 

Now the elasticity of the aubBtance at constant temperature and 
its specific heat at constant pressure may be defined by the equations, 

therefore at the critical point 

e = 0, i = 0, 

(!),=». (1),=°. (|-l=»' (fl=°- 

The last four equations would also hold good if p were substituted 
for t, and vicf versa. 
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We have eeeii that in the case of Buch substances as can paMH con- 
tinnously from the state of liquid to that of vapor, unless the primi- 
tive surface is abruptly terminated and that in a line which passes 
through the critical point, a part of it must represent states which are 
essentially unstable (i. e., unstable in regard to continuous changes,) 
and therefore cannot exist pej-maiieutly unless in very limited spaces. 
It does not necessarily follow that such states (;annot be realized at 
all. It appears quite probable, that a substance initially in the criti- 
cal state may be allowed to expand so rapidly, that, the time being 
too short for appreciable conduction of heat, it will pass into some of 
these states of essential instability. No other result is possible on 
the supj>ositioii of no transmission of heat, which requires that the 
points representing the stales of all the ])arts of the body ^hall be 
confined to the isentropic (adiabatie) line of the critical point upon 
the primitive surface. It will be observed that there is no insta- 
bility in regard to changes of state thus liinite<l, for this line (the 
plane section of the primitive surface perpendicular to the axis of //) 
is concave upward, as is evident from the fact that the primitive sur- 
face lies entirely above tlie tangent plane for the critical point. 

We may sup[iose waves of comprei^sion and expansion to be propa- 
gated in a substance initially in the critical state. The velocity of 

propagation will depend upon the value of I J \ , i. e., of — I -j — ) . 
\av In \d*v />! 

Now for a wave of compression the value of these expressions is 
determined by the form of the isentropic on the primitive surface. 
If a wave of expansion has the same velocity upproximatcly as one 
of compression, it follows that the substance when expanded under 
the circumstances remains in a state i-ejireiiented by the primitive sur- 
face, which involves the realization of states of essential instability. 

The value of (-r-rl i" the derived surface is, it will be observed. 

\dv* fn ' 

totally different from its value in the primitive surface, as the curva- 
ture of thest^ surfaces at the critical point is different. 

The case is different in regard to the pari of the surface between 
the limit of absolute stability and the limit of essential instability. 
Here, we have experimental knowledge of some of the states repre- 
sented. In water, for example, it is well known that liquid states can 
be realized beyond the limit of absolute stability, — both beyond the 
part of the limit where vaporization usually commences (LL' in figure 
2), and beyond the part where congelation usually commences (LL'"), 
That vapor may also exist beyond tlie limit of absolute stability, i. e.. 
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that it may exist at a given temperature at presaures greater than 
that of equilibrium between the vapor and its liquid meeting in a 
plane surface at that temperature, the considerations adduced by Sir 
W. Thomson in his paper " On the equilibriuia of a vapor at the 
curved surface of a liquid" (Proo. Roy. Soc. Ed., Session 186»-1870, 
and Phil, Mag., vol xlii, p. 448), leave no room for doubt. By exper- 
iments like that suggested by Professor J. Thomson in his paper 
already referred to, we may be able to carry vapors farther beyond 
the limit of absolute stability.* As the resistance to deformation 
characteristic of solids evidently tends to prevent a discontinuous 
change of state from commencing within them, substances can doubt- 
less exist in solid NtatCB very far beyond the limit of absolute stability- 
The surface of absolute stability, together with the triangle repre- 
senting a compound of three states, and the three developable bdt- 
faces which have been described representing compounds of two 
states, forms a continuous sheet, which is everywhere concave upward 
except where it is plane, and has only one value of £ for any given 
values of v and r;. Hence, as C is necessarily positive, it has only one 
value of ?) for any given values of y and e. If vaporization can take 
place at every temperature except 0, /> is everywhere positive, and 
the surface has only one value of v for any given values of t/ and *. 
It forms the surface of diseipated energy. If we consider all the 
points representing the volume, entropy, and energy of the body in 
every possible state, whether of equilibrium or not, these points will 

* U ve experiment with a fluid which does not wet the vessel wbioli coDtains i^ we 
may avoid the necessity of keeping the Teasel hotter than the vapor, in order to pre- 
vent condenBBtion. If aglasa bulb with a stem of sufficient length be placed verticaUj 
with the open end of the stem in a cup of mercuiy, the stem oontainiug nothing but 
mercury and its vapor, and the bulb nothing but the vapor, the height at which the 
mercury resta in the stem, aSords a ready and accurate means of determining the pres- 
sure of the vapor. If the stem at the top of the column of liquid should be made hot- 
ter than the bulb, condensation would take place in the latter, if the liquid were one 
which would wet the bulb. But as this is not the case, it apppani probable, that iX 
the experiment were conducted with proper precautions, there would be no condenaa- 
tion within certain limits in regard to the temperatureH. It condensation should take 
place, it would lie easil; observed, especiaUy if the bulb were bent over, so that the 
mercury condensed could not nm back Into tlie stem, So long as condensation does 
not occur, it will be easy to give any desired (different) temperatures to the bulb and 
the top of the column of mercury in the 9t«m. The temperature of the latter will 
determine the pressure of the vapor in the bulb. In this way, it would appear, we 
may obtan in the bulb vapor of mercury having pressures greater for the tempera- 
tures than those of saturated vapor. 
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form a solid figure anbounded id some directions, but bounded in 
others by tliis surface.* 

The lines traced uj>on tlie primitive surface by the rolling double 
tangent plane, which have been called the limit of absolute stability, 
do not end at the vertices of the triangle which represents a mixiuie 
of those states. For when the plane is tungent to the primitive sur- 
face in these three points, it can comtnencc to roll upon the surface as 
a double tangent plane not only by leaving tlie surface at one of 
these points, but also by a rotation in tike opposite direction. In the 
latter caae, however, the lines traced upon the primitive surface by 
the points of contact, although a oontiuuation of the lines previously 
described, do not form any part of the limit of absolute stability. 
And the parts of the envelops of the rolling plane between these lines, 
although a continuation of the developable surfaces which have been 
described, and representing states of the body, of which some at least 
may be realized, are of minor interest, as they form no part of the 

• This deBcription of the surface of disBipated energy ia intended lo apply to a sh1>- 
stBuce capable of eiiating as Kolid, liquid, and vapor, aod which presentB no anoma- 
lies in its Uiennodjiiainic properties. But, whatever the form of the primitiTe sur- 
face may be, if we take the parts of it for every point of which the tangent plane does 
not cut the primitive surface, together with all t!ie plane and developable derived sur- 
face, which can be formed in a manner analogous to those described in the preceding 
ptges, by filed and rolling tangent phtnes which do Dot cut the primitive Burfsce, — 
such surfaces taken together will form a continuous sheet, which, if we reject the 
port, if any, for which }> < 0, forms the surface of dissipated energy and has Ihe geo- 
metrical properties mentioned atrave. 

There will, however, be no such part in which p <; 0, if there is any assignable tem- 
perature (' at which the substance has the properties of a perfect gas except when its 
volume is less than a certtun quantity v'. For the equations of an isotliermal line in 
the thermodynamic surface of a perfect gas are (see equations (b) and (b) on pages 
321-^22 of this Tolnme.) 

t= C 

7 = o log f + C". 
The isothermal of C in the thermodynamic surface of (he aubstajice in question must 
therefore have the same equations in the part in which v exceeds the conslant v". 
Now if at any point in this surface p <[ and f ^ the equation of the tangent plane 
for that point will be 

t = m, + nt.+ C", 
where m denotes the temperature and — n the pressure for the point of contact, so that 
m and n are both positive. Now it is evidently possible to give so large a value to v 
in the equations of the isothermal that the point thus determined shall fall below tiie 
tangent plane. Therefore, the tangent plane cuts the primitive surface, and the point 
of the thermodynamic surface for which ;> < cannot beloi^ (o the surfaces men- 
tioned in the last paragraph as forming a oontiuuoua sheet. 
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surface of dissipated energy on tbe one hand, nor have the theoreti- 
cal interest of tiie primitive surface on the Other. 

Problems relating to the Surface of Dissipated Energy. 

The surface of dissipated energy has an important application to a 
certain class of problems which refer to the results which are theo- 
retically possible with a given body or system of bodies in a given 
initial condition. 

For example, let it be required to find the greatest amount oi 
mechanical work which can be obtained from a given quantity of a 
certain substance in a given initial state, without increasing its total 
volume or allowing heat to pass to or from external l>odiea, except 
such as at the close of the processes are left in their initial condition. 
This has been called the available energy of the body. Tbe initial 
state of the body is supposed to be such that the body can be made 
to passifrom it to states of dissipated energy by reversible procesaea. 

If the body is in a state represented by any point of the surface of 
dissipated energy, of course no work can be obtained from it under 
the given conditions. Biit even if the body is in a state of thermody- 
namic equilibrium, and therefore in one represented by a point iu the 
thermodynamic surface, if this point is not in the surface of dissipateil 
energy, because the equilibi-iura of the body is unstable in regard to 
discontinuous changes, a certain amount of energy will be available 
under the conditions for the production of work. Or, if tbe body is 
solid, even if it is uniform In state throughout, its pressure (or ten- 
sion) may have different values in different dii-ections, and in this way 
it may have a certain available energy. Or, if different parts of the 
body are in different states, this will in general l>e a source of availa- 
ble energy. Lastly, we need not exclude the i-ase in which the body 
has sensible motion and its vis viva constitutes available energy. In 
any case, we must find the initial volume, entropy, and energy of the 
body, which will be equal to the sums of the initial volumes, entro- 
pies, and encrgiea of its parts. ('Energy' is here used to include the 
nis viva of sensible motions). These values of v, r/, and £ will deter- 
mine the position of a certain point which we will speak of as repre- 
senting the initial state. 

Now the condition that no heat shall be allowed to pass to exter 
nal bodies, requires that the final entropy of the body shall not be 
less than the initial, for it could only be raa<le less by violating this 
condition. The problem, therefore, may be reduced to this, — to find 
the amount by which the energy of the body may be diminished 
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without inorejieing its volume or dhninishiDg its entropy. This 
quantity will be represented geometrically by the distance of the 
point representing the initial state from the surface of dissipated en- 
ergy measured parallel to the axis of f. 

Let as consider a dilTereiit problem. A certain initial state of the 
body is given as before. No work is allowed to be done upon or by 
external bodies. Heat is allowed to pass to and from them only on 
condition that the algebraic sum of all heat which thus passes shall 
be 0. From both these conditinna any bodies may be excepted, which 
shall be left at the close of the processes In their initial state. More- 
over, it is not allowed to increase the volume of the body. It is 
required to tind the greatest amount by which it is possible under 
these conditions to diminish the entropy of an external system. 
This will be, evidently, the amount by which the entropy of the boily 
can be increased without changing the energy of the body or increas- 
ing its volume, which is represented geometrically by the distance of 
the point representing the initial state from the surface of dissipated 
energy, measured parallel to the axis of »;, This might be called the 
capacity for entropy of the body in the given state.* 

Thirdly. A certain initial condition of the body is given as before. 
No wort is allowed to be done upon or by extenial bodies, nor any 
heat to pass to or from them ; from which conditions bodies may be 
excepted, as before, in which no permanent changes are produced. 
It is required to find the amount by which the volume of the body 



* It may be worth while to call attention to the analogy and the difference between 
this problem and the preceding. In the flret case, the question is virtuslly, ))ow great 
a weight does the state of the given body enable ub to raise a given distant, no other 
permanent change being prodnced in external bodies. In the setvnd oise, the ques- 
tion is virtually, what amount of heat does the state of the given body enable ns to 
take from an external body at a fiied temperature, and impart to unother at a higher 
fixed temperature. In order that the numeriml values of the nvailable energy and of 
the capacity (or entropy should be ideDticsi vdth the answers to these questions, it 
would be necessary in the flrst case, if the weight ia measured in units of force, that 
the given distance, measured verticallr, should be the unit of length, and in the second 
case, that the difference of the reciprocals of the fixed temperatures nliould be uui^. 
If we prefer U> take the freezing and boiling points as the fixed temperatures, as 
(ii — ul^f — ".00098, the capacity for entropy of the body in any given condition 
would be 0.0009S times the amount of heat which it would enable us to raise from the 
freezing to the boiling point (i. e., to take from a hody of which the temperature re- 
mains Bxed at the.freeidng point, and Impart to another of which the temperature 
remains fixed at the boiling point). 

The relations of these quantities to one another and to the surface of dissipated 
energy are illustrated by figure 3, which represents a plane perpendicular to the axis 
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can lie diminished, nsing for that purpose, according to the condi- 
tions, only the force derived from the body iteelf. The conditions 



of V and pasaing through the point A, which repreaenta the initial state of the bodr. 
HN is tlM section of the surface of dissipated 
eoerg;, Qc and Q17 ore eectiona of the planes 
I? = and e = 0, and therefore parallel to the 
axes of e nod 7 reapectively. AD and AE are 
the energ7 and entropy of the hod]' in ita ini- 
tial Btate, AB and AC, ita available energy and 
ita capacity for entrop; reapectively. It will 
be obaeired that when'' either the available 
energy or the capacity tor entropy of Qifi body 
is 0. the other haa the same vdue, J^ Except in 
thia case, either quanti^ may be varied without 
affecting the other. For, on account of the 
curvature of the surface of dissipated energ)', 
it is evidently possible to change the poaition ai 
the point repreHOnting the initial state of the 
body ao aa to vary its distance from the aiirfaee 4 " * 

measured parallel to one axis without varying that measured parallel to the other. 

Aa the diSerent senaos in which the word entrop]/ has been used by different writ- 
ers ia liable to cause miaunderatanding, it may not be out of place to add a few woids 
on the terminology of thia auhject. If Professor CUusiiis had defined entropy so that 
its value should be deterrajoed by the equation 




dS = 



7" 



instead of hia equation [Ueohaniache Warmetheorie, Abhand. ix, § 14; Pogg. Aon., 
July, 1865) ^ dQ 

j., 

where S denotes the entropy and Tthe Wmpemture of a body and d 9 the element of 
heat imparted to it, that which is hero called capacity for enfnipp would naturally be 
called avnilable entropy, a term tlio more convenient on account of its analogy with the 
term availahk eriergy. Snch a ditference in the definition of entropy would involve no 
difference in the form of the thermodynamic surface, nor in any of our geomebical 
conatriLctions, if only we auppoao the direction in which entropy ia meaaured Co be 
reversed. It would only make it necessary to substitute — i; for 7 in our equations, 
and to make the corresponding change in the verbal enunciation of propoaitSons. Pro- 
fessor Tnit haa proposed to use tlie word entropy " in the opposite sense to that in 
which ClausiuB has employed it," (Thermodynamics, ^ 48. See also § 178), which 
appears to mean that he would determine its value by the first of the above equations- 
He nevertheless appears subsequently to use the word to denote avulable energy 
(g 182, id theorem). Professor Maiwell uses tlie word entropy as synonymous with 
avaihible energy, with the erroneoua statement that Clausiua usaa the word to denote 
the part of the onei^y which ia not available, (Theory of Heat, pp. 186 and 18R). The 
term entropy, however, aa used by Clausiiis does not denote a quanti^ of the same 
kind (i. e,, one which can be meaaured by the same unit) as energy, as ia evident fTom 
his equation, rated above, in which Q (be't) denotes a quanti^ nwaeured b; the unit 
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require that the energy of the bodj shall not be altered nor its 
entropy diminiehed. Hence the quantity sought is repi-esenled by 
the distance of the point representing the initial state from the sur- 
face of dissipated energy, measured parattel to the axis of volume. 

Fourthly. An initial con<lition of the l>ody is given as before. Its 
volume is not allowed to be increased. No work is allowed to be 
done upon or by externa) bodies, nor any heat to pass to or from 
then), except a certain body of given constant temperature t'. From 
the latter conditions may be excepted as before bodies in which no 
permanent changes are produced. It is required to find the greatest 
amount of heat which can lie imparted to the body of constant tem- 
perature, and also the greatest amount of heat which can be taken 
from it, under the supposed conditions. It througii the point of the 
initial state a straight line be drawn in the plane perpendicular to 
tbe axis of v, no that the tangent of the angle which it makes with 
the direction of the axis of t/ shall be ei]ual to the given t«mpera- 
ture f, it may easily be shown that the vertical projections of the 
two segments of this line made by the point of the initial slate and 
the surface of dissipated energy repreaeut the two quantities required.* 

These problems may I>e modified so as to make thcnt approach 
more nearly the economical problems which actually present them- 
selves, if we suppoi^e the body to be surrounded by a medium of con- 
stant pressui'e and temperature, and let the body and the me<lium 
together take the place of the body in the preceding problems. The 
results Tould be as follows: 

If we suppose a plane representing the constant pressure and tem- 
perature of tbe medium to be tangent to the surface of dis^<ipated 
energy of the body, the ilistance of the point representing the initial 
state of the body from this plane nieaiiiired parallel to the axis of e 
will represent the available enei^y of the body and medium, the dis- 
tance of the point to the plane measured parallel to the axis of 1/ will 
represent the capacity for entropy of the body and medium, the dis- 
tance of the point to the plane measured parallel to the axis of v will 
represent the magnitude of the greatest vacuum which can be pro- 
duced in the body or medium (all the power used being derived from 

of eoergj, and as the unit in which T (temperature) is measured is arbitrary, S and Q 
are evidently measured bj different units. It may be added that entropy as deflned 
by t^nausius is HjnonymauB with the thermodynamic function ae deSned by Rankine. 

* ThoB, in flgura 3, if the straight line MAJf be drawn so that tan NAC = f, MR 
will be the greatest amount of heat which can be given to the body of conRtant tem- 
perature and K3 will be the greatest amoimt which can be taken from it. 

Trims. OcumoncuT AcAsniT, VoL II. 3ri Dec., iSTi. 
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the body and medium) ; if a line be drawn through the point io a 
plane perpeadiciUar to the axis of «, the vertical projection of the 
segment of this line made by the point and the tangent plane will 
represent the greatest amount of heat which can be given to or taken 
from another body at a constant temperature equal to the tangent of 
the inclination of the line to the horizon. (It represents the great- 
est amount which can be given to the body of constant t«m]>eratnre, 
if thia temperature is greater than that of the medium ; in the reverse 
case, it represents the greatest amount which can be withdrawn from 
that body). In all these cases, the point of contact between the 
plane and the surface of dissipated energy represents the final state of 
the given body. 

If a plane representing the pressure and temperature of the medium 
be drawn through the point representing any given initial state of 
the body, the part of this plane which falls within the surface of dis- 
sipated energy will represent in respect to volume, entropy, and 
energy all the states into which the body can be brought by reversi- 
ble processes, without producing permanent changes in external 
bodies (except in the medium), and the solid figure included between 
this plane figure and the surface of dissipated energy will represent 
all the states into which the body can be brought by any kind of pro- 
cesses, without producing permanent changes in external bodies 
(except in the medium).* 

* The bodj uoder discuBsion has been aupposed throughout this paper to b« homo- 
gODBOus ID Bubatance. But if we imagine anj material Byatsin whatever, and euppose 
the position of a point to be determined For every poasible state of the eystem, by 
making the co-ordinat«a of the point equal to the total volume, entropy, and energy irf 
the ayalAm, the points thua det«nniDed will evidently form a solid Sguie bounded in 
certain directions by the surface repreeeoting the states ot diaatpated energy. In 
these etates, the temperature is necesaarily uniform throughout the syatem ; the pm- 
sure may vary (e. g., in the case of a very large mass like a planet), but it will always 
be poeeible to maintain the equilibrium of the system (in a state of diasipaled energy) 
by a uniform normal pressure appUed to its Burface. Thia pressure and the uniform 
temperature of the eystem will be represented by the inclination of the surface of dia- 
sipated energy according to the rule on page 3S3. And in regard to such problems m 
have been discussed in the last five pages of this p^>er, UiiB surface will posaees, rela- 
tively to the system which it repreaenta, properties entirely similar to Uioae of the anr- 
face of dieaipated energy of a homogeneous body, 
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Page 1, line 13, fi>r"F1ordia,"refictFloHda. 

11, " 36, '■ "immargiDatioii," read emarg^iDfttiOD. 

16, " 26, " "Hpistome," read apiatome. 

31, " 18, " " PtMtopllutimia," retid Fodophthalmia. 

35, " 9, " •• Bierete," read Eua-ate. 

35, last line hut one, for " marpn," read marxinB. 
" 106, line 4, from foot, for "NortoD Street," read Blake Street 
' 108, " II, " " "twenty rods," read twen^-one rode. 

' 118, " 1 1, for "slJ'iferuB," read atfliferue. 
' 138, " II, " " immai^natian," read emai^naCion. 
' 139, " 11. " "immarginate," reademarginate, 
' 153, first line of foot note, for " is marked 3," read is marked IS''. 
' 162, above "Euryplaa," insert Cahcinoplacid* 
' 18S, line 8, for "apinoauB," read apinoeum. 
' 197, " 31, " "palpasler," read polpaater. 
' 343, in title of paper, for " 1813," read 1872. 
' 34;!, under No. 5, tor "varible," read variable. 
" 346, No. 24, line 7. for " Montague," road Montagne. 
" .148, So. 44, for " EuCeromorpba," read Enteromorpha. 
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